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FOREWORD 


The  Kiowa  Creek  Watershed  Protection  Project  was  completed  in  June 
of  1961.    It  was  installed  under  the  authority  of  the  Soil  Conser- 
vation Act  of  1935  (Public  Law  46,  74th  Congress)  as  implemented  by 
the  watershed  protection  item  in  the  United  States  Department  of 
Agriculture  Appropriation  Act  of  1954.    Pilot  watershed  projects 
were  initiated  in  62  small  upstream  areas,  seven  of  which  were  later 
deauthorized  at  the  request  of  local  sponsors.    These  pilot  projects 
were  installed  to  demonstrate  the  benefits  of  watershed  treatment  in 
preventing  damage  fran  floods  and  sedimentation. 

The  Kiowa  Pilot  Project  was  one  of  ten  selected  for  intensive  evalua- 
tion of  results.    The  broad  objective  of  these  evaluations  was  to 
measure  the  effectiveness  of  the  applied  programs  in  both  physical 
and  economic  terms.    Studies  were  made  as  to  benefits  resulting  from: 

1.  Reduction  of  floodwater  and  sediment  damages. 

2.  Changes  in  runoff  characteristics. 

3.  Changes  in  crop  and  forage  production. 

4.  Changes  in  the  economy  of  the  area. 

This  report  describes  the  studies  undertaken  and  sets  forth  the  findings 
for  the  period  September  1954  through  December  1965. 

A  work  plan  for  the  Kiowa  Creek  Watershed  Protection  Project  was 
developed  in  1954,  including  a  supplement  for  program  evaluation. 
This  plan  was  further  developed  and  amended  in  1956  and  1958. 

People  in  the  project  area  had  been  interested  in  soil  conservation 
and  flood  control  for  many  years.    In  June  1941,  the  Kiowa  Soil 
Conservation  District,  sponsor  of  this  pilot  project,  declared  in 
its  work  plan:    "The  purposes  for  which  this  district  is  organized 
are  to  control  floods  and  erosion,  and  to  develop  and  establish  a 
general  system  of  soil  conservation  and  improved  land  use  practices." 

This  report  is  the  result  of  joint  efforts  of  the  Soil  Conservation 
Service,  the  Natural  Resource  Economics  Division  of  the  Economic 
Research  Service,  the  Water  Resources  Division  of  the  U.  S.  Geological 
Survey,  and  the  U.  S.  Weather  Bureau.    Additional  information  or  details 
of  the  evaluations  may  be  obtained  from  the  respective  agencies  parti- 
cipating in  evaluation  studies.    In  some  cases  separate  reports  have 
been  prepared  on  detailed  investigations.  ^^ghsculture 
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SUMMARY 


The  Kiowa  Creek  Watershed  Project  (75,520  acres)  includes  the  drainage 
area  above  the  town  of  Kiowa,  Colorado.    Erosion,  floodwater  and  sedi- 
ment damages  are  major  problems  in  the  watershed  area,  which  is  subject 
to  rainstorms  of  high  intensity  and  short  duration.    The  economy  of  the 
area  depends  almost  entirely  on  agriculture,  although  there  is  a  trend 
toward  off-farm  employment  to  increase  family  income.    Livestock  pro- 
duction is  the  predominant  agricultural  enterprise.    About  80  percent 
of  the  agricultural  area  is  used  for  pasture  or  rangeland. 

To  reduce  floodwater  and  sediment  damages  in  the  watershed,  a  total  of 
60  floodwater- retarding  structures,  9  grade -stabilization  structures, 
and  12,292  feet  of  channel  improvement  were  installed  at  a  cost  of 
$597,079.    As  of  June  1961,  land  treatment  measures  costing  $183,687 
had  been  installed  for  a  total  investment  in  works  of  improvement 
amounting  to  $780,766.    The  number  of  structural  and  land  treatment 
measures  installed  for  flood  prevention,  land  stabilization,  and  sedi- 
ment control  is  smaller  than  estimated  in  the  initial  project  plan,  but 
subsequent  flood  events  have  shown  that  the  installed  program  performs 
satisfactorily  the  functions  for  which  it  was  designed. 

During  the  evaluation  period,  average  annual  total  precipitation  ranged 
from  over  18  inches  to  less  than  14  inches  for  individual  stations. 
Comparison  of  records  with  nearby  stations  indicated  that  precipitation 
during  the  evaluation  period  was  essentially  normal.    In  the  storm  of 
June  17,  1965,  precipitation  amounts  of  over  seven  inches  were  recorded 
at  the  southeastern  edge  of  the  watershed. 

Two  major  flood  events  occurred  during  the  evaluation  period.  One, 
that  of  July  30,  1957,  affected  only  a  small  part  of  the  area;  the 
other,  on  June  17,  1965,  affected  most  of  the  area.    On  July  30,  1957, 
the  peak  inflow  to  K-79  Reservoir  was  5,250  cubic  feet  per  second; 
reservoir  storage  reduced  this  to  a  peak  outflow  of  1,480  c.f.s. 
The  inflow  was  much  greater  than  the  50 -year  frequency  flood;  the  out- 
flow was  much  less.    Peak  inflow  rates  for  the  flood  of  June  17,  1965, 
at  K-79,  J-33,  R-3,  and  Q-51  all  were  greatly  in  excess  of  the  50-year 
frequency  flood.    Structures  K-79  and  R-3  reduced  these  inflows  of 
substantially  greater  than  a  50 -year  flood  to  outflows  of  substantially 
less  than  the  50 -year  frequency  period.    On  the  other  hand,  peak 
reduction  at  Q-51  was  almost  negligible. 

The  peak  discharge  of  the  June  17,  1965,  flood  on  East  Kiowa  Creek 
above  Elbert  was  41,500  cubic  feet  per  second,  almost  as  great  as  the 
May  1935  peak  of  43,500  c.f.s.  on  Kiowa  Creek  at  Elbert.    West  Kiowa 
Creek  produced  a  peak  of  20,000  c.f.s.  in  1965.    This  peak  was 
slightly  behind  the  peak  on  East  Kiowa,  but  the  peak  on  Main  Kiowa 
Creek  at  Elbert  is  estimated  to  have  been  about  45,000  c.f.s.  from 
the  addition  of  the  two  flows.    For  without  project  conditions  it 
is  estimated  that  a  peak  discharge  of  66,000  c.f.s.  would  have 
occurred  on  Main  Kiowa  Creek  at  Elbert. 
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Sediment  discharge  has  been  much  greater  and  more  frequent  on  Kiowa  Creek 
at  Kiowa  than  at  East  Kiowa  Creek  and  West  Kiowa  Creek  at  Elbert.  Most 
of  the  sediment  discharge  at  each  site  occurs  during  a  few  days  each  year 
in  large  flows.    A  general  reduction  in  fine  sediment  has  occurred  during 
the  evaluation  period.    This  may  be  correlated  with  the  establishment  of 
conservation  measures  and  general  improvofnent  of  vegetative  conditions 
in  the  watershed. 

Channel  profile  and  cross  section  studies  show  that  the  profile  slope  for 
each  stream  did  not  change  appreciably  between  1956  and  1965,  that  there 
was  a  tendency  toward  widening  of  the  channel,  and  that  only  minor  aggra- 
dation or  degradation  occurred  at  the  different  sections. 

Reservoir  sedimentation  surveys  showed  a  wide  range  in  rates  of  sedimenta- 
tion,   TTie  average  sedimentation  rate  for  the  five  reservoirs  studied,  0.25 
acre -foot  per  square  mile  per  year,  is  slightly  below  the  expected  average 
rate.    The  average  annual  capacity  losses  of  allotted  sediment  pool  storage 
at  the  five  reservoirs  is  1.84  percent  or  slightly  less  than  the  planned 
rate  of  2  percent. 

Range  evaluation  studies  indicated  that  the  native  range  plant  cover  is 
improving  and  improvement  under  controlled  grazing  use  almost  equals  that 
in  test  plots  under  complete  protection  from  livestock. 

Economic  surveys  indicated  a  trend  towards  less  intensive  land  use  in  the 
watershed  as  a  whole.    During  the  evaluation  period  there  was  a  reduction 
of  cropland  of  approximately  1,800  acres,  most  of  which  was  planted  to 
permanent  pasture.    There  was  also  a  large  reduction  in  the  number  of 
dairy  and  cash  crop  farms.    By  1965,  almost  75  percent  of  the  operators 
reported  livestock  as  the  main  source  of  farm  income. 

Flood  plain  land  use  showed  a  trend  toward  increased  feed  and  forage  pro- 
duction for  the  range  livestock  industry  of  the  watershed.  Benefits  from 
more  intensive  use  of  flood  plain  lands  were  not  as  great  as  estimated  in 
the  work  plan,  but  there  was  a  definite  trend  toward  more  intensive  use. 

Flood  damages  amounted  to  only  $6,565  during  the  1955-64  period.  However, 
the  storm  of  June  17,  1965,  which  exceeded  the  design  storm,  caused  damages 
of  $169,165  within  the  watershed  area.    During  the  10-year  period  (1955-64) 
the  comprehensive  system  of  land  treatment  and  structural  measures  resulted 
in  estimated  flood  prevention  benefits  of  $31,570.    Flood  damage  reduction 
benefits  from  project  measures  were  estimated  to  be  $100,105  during  the  1965 
storm.    Total  benefits  from  reduction  of  flood  damages  were  estimated  to  be 
$131,675  for  the  1955-65  evaluation  period.    Average  annual  damage  pre- 
vention benefits  for  this  period  amounted  to  $11,971. 

Experience  gained  from  this  study  indicates  weaknesses  in  study  techni- 
ques for  evaluation  of  benefits  of  specific  items  in  the  land  treatment 
or  structural  program.    This  is  particularly  true  when  floods  exceed 
the  capacity  of  the  floodwater- retarding  structures  by  several  times. 
It  is  also  evident  that  short-term  evaluation  studies  do  not  provide 
an  accurate  means  of  checking  estimated  long-term  benefits  resulting 
from  installing  watershed  works  of  in^rovement . 
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WATERSHED  PROGRAM  EVALUATION  -  KIOWA  CREEK  WATERSHED,  COLORADO  1/ 
Soil  Conservation  Service  and  Economic  Research  Service 


WATERSHED  CHARACTERISTICS 


Kiowa  Creek  is  tributary  to  the  South  Platte  River  at  a  point  approxi- 
mately 15  miles  west  of  Fort  Morgan,  Colorado.    The  75,520  acres  in  the 
watershed  project  include  only  the  drainage  area  above  the  town  of  Kiowa, 
Colorado.    The  watershed  is  about  26  miles  long  and  on  the  average  about 
5  miles  wide.    Kiowa  Creek  has  its  headwaters  in  the  Black  Forest  area 
of  El  Paso  County,  about  20  miles  northeast  of  Colorado  Springs.  The 
headwaters  area  is  partly  timbered,  rolling  to  rough  upland  broken  by 
numerous  drainageways .    This  area  is  drained  by  two  main  tributaries, 
East  Kiowa  Creek  and  West  Kiowa  Creek,  which  join  at  Elbert,  Colorado, 
to  form  the  main  Kiowa  Creek.  2/   Average  fall  of  the  main  channel  is 
about  50  feet  per  mile,  and  siHe  drainages  fall  from  100  to  200  feet 
per  mile.    Altitudes  range  from  about  7,700  feet  at  the  headwaters  of 
West  Kiowa  Creek  to  about  6,350  feet  at  Kiowa,  Colorado. 

Farming  or  servicing  farm  activities  are  the  primary  occupations  within 
the  watershed  area.    The  small  towns  of  Elbert  and  Kiowa,  with  a  combined 
population  of  500  people,  provide  local  marketing  facilities.    State  High- 
way 86  runs  east  and  west  through  Kiowa,  and  State  Highway  157  runs  south 
from  Kiowa  through  the  project  area.    Together  with  a  network  of  county 
roads,  they  provide  an  adequate  transportation  system.    There  are  no 
railroads  in  the  watershed  area;  a  branchline  of  the  Colorado  and 
Southern  Railway  was  abandoned  after  being  severely  damaged  by  the 
major  flood  of  1935. 

Soils  of  the  watershed  are  generally  sandy  to  medium  textured.    They  are 
developed  principally  on  materials  derived  from  the  Dawson  Formation, 
with  small  areas  in  the  higher  reaches  developed  on  the  Castle  Rock  Con- 
glomerate.   Soils  are  shallow  in  the  headwaters  area  and  become  deeper 
downstream.    Most  of  the  cultivated  soils  have  a  medium- textured  topsoil 
with  moderate  permeability  and  depths  of  20  to  36  inches.    Flood  plain 
soil  that  has  not  been  damaged  by  floods  is  fertile  and  easily  tilled. 
Precipitation  records  were  kept  by  the  Kiowa  State  Bank  from  1920  through 
1959.    Average  annual  rainfall  based  on  this  40-year  record  is  16.2  inches. 
Most  precipitation  comes  in  the  foim  of  rain  from  ^ril  through  August. 
The  frost- free  growing  season  varies  with  elevation  and  averages  about 
123  days.    Late  spring  frosts  are  not  uncommon. 


1/    This  report  is  the  result  of  joint  efforts  of  the  Soil  Conservation 
Service,  the  Natural  Resource  Economics  Division  of  the  Economic 
Research  Service,  the  Water  Resources  Division  of  the  U.  S. 
Geological  Survey,  and  the  U.  S.  Weather  Bureau. 

2/   U.  S.  Geological  Survey  maps  and  publications  use  the  name  Kiowa  Creek 
for  the  stream  reach  designated  East  Kiowa  Creek  in  this  report. 
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Watershed  Problems 


Erosion,  floodwater,  and  sediment  damages  are  major  problems  in  the 
Kiowa  Creek  Watershed.    The  watershed  is  subject  to  rainstorms  of  high 
intensity  and  short  duration.    This  type  of  storm  on  steep  slopes  pro- 
duces flash  floods  with  comparatively  small  volumes  of  water.  Erosion 
is  a  critical  problem  on  the  Class  VI  lands  that  are  under  cultivation. 
Farming  such  land  has  resulted  in  both  sheet  and  gully  erosion.  Gullies 
often  extend  through  the  cropland  and  into  the  range  and  forested  areas. 
Sediment  produced  by  these  areas  causes  considerable  flood  plain  damage 
from  deposition  of  silt,  sand,  and  other  materials  carried  by  flood- 
waters.    This  sediment,  which  is  composed  mainly  of  infertile  sand, 
is  deposited  on  the  flood  plain  in  depths  that  range  from  a  few  inches 
to  6  feet.    Runoff  from  high- intensity  rains  causes  streambank  erosion 
in  sane  areas  and  sediment  deposition  in  others. 

Other  major  problems  stemming  from  improper  land  and  water  management 
practices  occur  in  the  form  of  damages  to  roads,  bridges,  fences,  and 
other  developments  in  the  flood  plain  areas. 

Major  floods  are  known  to  have  occurred  in  this  watershed  area  on 
May  21,  1878,  and  May  30,  1935.    Other  floods  occurring  before  the 
installation  of  the  watershed  project  were  in  1920,  1921,  1925,  1933, 
and  1945.    The  most  destructive  was  the  flood  of  1935.    This  flood  took 
seven  lives  and  caused  property  damage  of  more  than  two  million  dollars 
including  the  abandonment  of  the  branchline  of  the  Colorado  and  Southern 
Railway  which  ran  through  about  two-tliirds  the  length  of  the  watershed. 
Extensive  flood  damages  to  railroad  bridges  and  tracks  made  it  un- 
economical to  resume  operations.    An  appraisal  of  annual  damages  was 
made  in  1954  for  project  formulation.    It  was  estimated  that  annual 
flood  damage  averaged  $49,550,  not  including  the  1935  railroad  damage. 
Indirect  losses  to  businesses  and  interruption  of  travel  were  esti- 
mated at  $4,950,  making  total  average  annual  damages  of  $54,500. 

Preproject  average  annual  flood  damages  as  estimated  in  1954  were  as 
follows : 


Type  of  Damage 

Dollars 

Floodwater 

Crop  and  pasture 

3,390 

Flood  plain  scour 

4,320 

Channel  scour 

15,710 

Other  agricultural 

7,500 

Roads  and  bridges 

5,580 

Subtotal 

36,500 

Sediment 

Flood  plain  deposition 

13,050 

Indirect 

4,950 

Total  average  annual  damage 

54,500 
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Preproject  Conservation  Application 


A  Civilian  Conservation  Corps  camp  was  established  within  the  project 
area  following  the  disastrous  flood  of  1935.    Considerable  work,  such 
as  contour  furrowing,  building  stockwater  dams,  gully  control  struc- 
tures, and  diversions,  was  acconplished  before  the  camp  was  closed  in 
1942.    Also,  as  a  result  of  the  1935  flood,  the  Corps  of  Engineers, 
U.  S.  Army,  constructed  rock  and  earth  dikes  to  protect  the  towns  of 
Elbert  and  Kiowa  from  flood  damage.    The  Kiowa  Soil  Conservation  Dis- 
trict, organized  in  1941  with  flood  control  as  one  of  the  main  features 
of  its  program,  made  considerable  progress  in  applying  land  treatment 
measures  before  development  of  the*  watershed  work  plan  in  1954.  A 
total  of  3,210  acres  of  pasture  and  rangeland  had  been  seeded,  7,260 
acres  had  been  contour  furrowed,  100  erosion  control  structures  had 
been  built,  98  ponds,  5  miles  of  terraces,  5  miles  of  diversions, 
30  acres  of  waterways  had  been  developed,  and  1,000  acres  of  contour 
farming,  stubble  mulching,  or  strip  cropping  had  been  initiated  prior 
to  1954.    These  measures  alleviated  a  portion  of  the  floodwater,  sedi- 
ment, and  erosion  damages  within  the  watershed,  but  the  local  leaders 
recognized  that  a  concentrated  program  of  floodwater  and  sediment 
control  structures  and  land  treatment  would  be  necessary  to  provide 
adequate  protection  from  flash  floods. 

Water  Use  and  Sources 

There  are  27  irrigation  water  filings  on  the  entire  Kiowa  Creek  drain- 
age, claiming  700  cubic  feet  per  second  of  direct  flow.    Of  this  flow, 
only  31  cubic  feet  per  second  is  within  the  project  area.    Since  the 
flood  of  1935,  use  from  these  filings  has  been  limited.    Channel  changes 
have  made  it  difficult  and  even  impossible  at  times  to  maintain  diversion 
structures  and  main  ditches.    Irrigators  report  that  in  the  Kiowa  Valley 
below  the  project  area,  sediment  carried  by  floodwater  is  detrimental 
to  irrigation  because  it  seals  and  crusts  the  soil  surface. 

The  first  irrigation  well  in  the  project  area  was  drilled  in  1940, 
and  seven  additional  wells  were  drilled  from  1947  to  1953.    In  1954, 
these  wells  had  an  estimated  capacity  of  100  to  500  gallons  per  minute. 
About  400  acres  were  irrigated  from  pumps. 

Municipal  wells  provide  water  for  domestic  use  in  the  town  of  Kiowa. 
Individual  wells  provide  domestic  water  in  the  town  of  Elbert  as  well 
as  for  farm  and  ranch  headquarters.    Livestock  water  is  obtained  from 
both  wells  and  farm  ponds. 

Watershed  Economy 

The  economy  of  the  area  depends  almost  entirely  on  agriculture, 
although  there  is  an  increasing  trend  toward  farmers  working  part 
time  in  nonagricultural  pursuits.    The  proximity  of  Colorado  Springs, 
the  Air  Force  Academy,  and  Denver  provides  opportunities  for  off -farm 
employment.    Also,  the  upper  portion  of  West  Kiowa  Creek  is  being 
developed  as  residential  sites  for  urban  workers. 
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Livestock  production  always  has  been  the  predominant  agricultural 
enterprise  in  the  watershed  with  75  percent  of  the  farms  having 
livestock  production  as  the  major  enterprise.    Over  80  percent  of 
the  area  used  for  agricultural  production  remains  in  pasture  or 
rangeland  and  most  of  the  cropland  is  devoted  to  raising  feed  for 
livestock.    About  half  of  the  units  are  ranches  of  over  1,000  acres. 

A  significant  factor  in  the  economy  of  the  area  is  the  sale  of 
ranches  for  residential  developments  or  recreational  uses.  Since 
these  buyers  are  willing  to  pay  a  significantly  higher  price  for 
desirable  woodland  sites  than  their  value  as  rangeland,  the  market 
value  of  this  land  has  been  affected.    This  increased  land  value 
has  benefited  a  few  local  operators  who  had  land  for  sale,  but  the 
higher  prices  have  made  it  nearly  impossible  for  small  ranchers  to 
expand  their  operations. 

Perhaps  the  best  example  of  this  change  in  land  use  is  the  2,600 
acre  Peaceful  Valley  Scout  Panch  purchased  by  the  Boy  Scouts  of 
America  in  December  1961.    An  estimated  2,026  acres  of  wooded  and 
upland  grasslands  is  being  developed  into  camp  areas  and  headquarters 
for  scout  activities.    This  acreage  was  formerly  pastured  and  was 
mostly  wooded  grassland.    The  bottomland  crop  and  pastureland  is 
presently  leased  to  local  farm  operators.    After  a  20-year  develop- 
ment period,  the  camp  will  have  six  major  camp  areas,  each  of  which 
will  contain  12  to  14  troop  sites.    In  addition,  there  will  be 
administrative  facilities,  a  lake,  and  a  swimming  pool.  These 
developments  will  enable  more  than  1,200  campers  to  use  the  facili- 
ties at  one  time.    The  Boy  Scouts  of  America  estimate  present  value 
of  the  ranch  and  developments  at  over  $1,000,000.    With  the  planned 
20-year  building  program,  final  investment  will  be  over  $5,000,000. 
Also  included  in  the  watershed  area  is  the  Jewish  Community  Center 
(J-CC  Ranch),  with  approximately  400  acres  of  land.    The  J-CC  Ranch 
is  operated  as  a  summer  camp  for  children,  with  facilities  for  125 
children  at  one  time.    Both  of  these  camps  are  cooperators  with  the 
Kiowa  Soil  Conservation  District  and  have  an  active  program  to 
reduce  runoff  and  erosion  on  their  lands. 

Since  1960,  a  considerable  acreage  of  land  has  been  subdivided  into 
residential  building  sites  in  the  upper  end  of  West  Kiowa  Creek. 
At  the  end  of  the  project  evaluation  period  (December  1965) ,  approxi- 
mately 3  square  miles  of  land  were  being  subdivided  or  had  been  sold 
as  residential  sites.    Most  of  these  lots  are  being  purchased  as 
homesites  by  people  working  in  Colorado  Springs  (a  distance  of  about 
15  miles)  or  by  employees  of  the  Air  Force  Academy  (a  distance  of 
8  miles) .    This  use  of  land  will  continue  to  grow  and  could  materially 
increase  runoff  and  erosion  from  this  portion  of  the  watershed  area. 
The  Kiowa  Soil  Conservation  District  will  need  to  make  a  special 
effort  to  assist  these  new  owners  with  their  conservation  problems 
and  to  acquaint  them  with  the  assistance  available  for  accomplishing 
conservation  measures. 
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PROGRAT^  OF  BIPROVBIENT 


Planned  Program 

The  plan  for  watershed  improvement  formulated  in  September  1954  and 
revised  in  January  1956  by  the  Soil  Conservation  Service  and  the  local 
sponsor  contains  recommendations  for  two  general  groups  of  conservation 
measures:    "A  Measures",  consisting  of  flood-prevention  and  grade- 
stabilization  structures,  and  "B  Measures",  consisting  of  land  treat- 
ment for  conservation  of  water  and  watershed  lands.    Works  of  improve- 
ment in  the  A  group  were  to  be  installed  primarily  with  Federal  project 
funds,  while  those  in  the  B  group  were  to  be  paid  for  by  farmers  with 
financial  assistance  from  other  national  programs.    Table  1  lists  amounts 
of  the  respective  A  and  B  Measures  included  in  the  work  plan  September 
1954,  those  included  in  the  revised  plan  of  January  1956  and  the  revised 
estimate  of  June  1958,  and  those  installed  as  of  June  1961  and  December 
1965. 

Floodwater- retarding  and  erosion- control  structures  (A  Measures)  were 
planned  to  control  runoff  from  approximately  65  percent  of  the  watershed. 
Tliese  structures  were  to  be  earth  fill  with  reinforced  concrete  pipe 
outlets.    Stabilization  and  sediment  control  structures  were  planned 
to  arrest  gully  development,  stabilize  waterways,  and  reduce  sediment 
damages . 

The  Soil  Conservation  Service  and  the  project  sponsor  agreed  that  the 
structural  program  (A  Measures)  would  include  a  number  of  small  flood- 
water- retarding  structures,  with  small  sediment  control  structures 
above  many  of  them,  and  a  limited  amount  of  channel  improvement  work 
along  the  main  stem  of  Kiowa  Creek.    This  approach  appealed  to  the 
local  people  because  it  spread  the  benefits  to  a  greater  number  of 
individual  farms.    After  the  project  had  been  under  construction  for 
approximately  1  year,  it  became  evident  that  certain  structural  sites 
could  be  eliminated  and  others  could  be  enlarged,  modified,  or  the 
location  slightly  changed  and  still  accomplish  the  original  objectives 
and  desired  degree  of  protection. 

Estimated  quantities  of  B  Measures  needed  in  the  project  area  were 
developed  by  use  of  technical  guides  based  on  conservation  surveys. 
Land  treatment  measures  included  such  practices  as  seeding  cultivated 
and  abandoned  cropland  to  grass,  grass  management,  furrowing  or  pitting 
rangeland,  constructing  small  erosion  control  and  stockwater  dams,  and 
terracing,  stubble  mulching,  strip  cropping,  and  contour  farming  on 
cropland.    On  the  ponderosa  pine  timberland,  woodland  management 
measures  were  included. 

The  original  plan  was  amended  by  local  landowners  and  Soil  Conservation 
Service  planning  technicians  assisting  the  sponsor.    This  amended  work 
plan  dated  January  1,  1956,  reduced  the  number  of  floodwater- retarding 
structures  from  the  originally  planned  140  to  68,  provided  for  teclmical 
assistance  for  land  treatment,  and  included  a  revised  supplement  covering 
the  project  evaluation  program.    In  1958  the  estimates  of  needed  land 
treatment  measures  were  reexamined,  deemed  in  excess  of  actual  needs, 
and  revised.    The  revised  estimate  of  land  treatment  needs  (subsequent 
to  1954)  is  shown  in  Table  1. 
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Structure  F-18  near  the  Elbert  -  El  Paso  County  Line  in  the  East  Kiowa 

Creek  drainage.  10-5834-11 


Structure  Q-51;  recording  gauge,  baffle,  and  part  of  dam.  10-4091-8 
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The  estimated  installation  costs  of  original  and  revised  programs  o£ 
improvement  and  the  costs  of  measures  actually  installed,  itemized 
by  type  of  measure,  are  given  in  Table  2.    Tliese  estimated  costs 
exclude  the  expenses  of  developing  the  work  plan  and  project 
evaluation. 

Estimated  Benefits 

Listed  below  are  the  average  annual  benefits  that  were  expected  to 
result  from  the  revised  program  of  watershed  improvement  (January 
1956) : 

Reduction  of  floodv,rater  damage  $  26,730 

Reduction  of  sediment  damage  11,570 

Reduction  of  indirect  floodwater  and  sediment  damage  3,830 

More  intensive  use  of  flood  plain  lands  21,980 

Total  annual  flood  prevention  benefits  $  64,110 


It  was  estimated  that  the  planned  land  treatment  measures,  together 
with  the  structures  for  retarding  floodwaters  and  controlling  sedimenta- 
tion, would  reduce  average  annual  damages  by  $42,130  or  approximately 
77  percent.    This  is  a  reduction  from  $54,500  without  the  project  to 
$12,370  with  the  project.    In  addition,  benefits  from  intensifying 
land  use  on  flood  plains  were  expected  to  be  $21,980,  making  total  bene- 
fits of  $64,110.    It  was  estimated  that  conservation  benefits  to  land- 
owners and  operators  in  the  upland  area  would  amount  to  $46,960  annually. 

Installed  Program 

When  the  project  was  authorized  in  1954,  there  were  101  farm  and  ranch 
units  wholly  or  partially  in  the  project  area.  Thirty-four,  or  about 
one-third,  had  cooperative  agreements  and  basic  plans  with  the  Kiowa 
Soil  Conservation  District,  covering  31,906  acres  or  about  42  percent 
of  the  project  area.  By  June  1961,  the  number  of  operating  units  had 
decreased  to  99  with  85  having  district  agreements  on  71,955  acres  or 
95  percent  of  the  project  area  and  74  having  basic  conservation  plans 
covering  63,308  acres  or  83  percent  of  the  project  area. 

The  works  of  improvement  installed  in  the  Kiowa  Creek  Watershed  Project 
area  as  of  June  1961  are  listed  in  Table  1.    Table  2  lists  the  costs  of 
these  measures  as  installed.    In  the  A  group  of  measures,  60  of  the  68 
planned  floodwater- retarding  structures  were  installed.    Detention  pool 
storage  capacity  of  the  installed  structures  totaled  about  2,600  acre-feet, 
in  contrast  to  2,676  acre-feet  planned.    These  structures  were  designed 
to  contain  the  runoff  from  storms  with  recurrence  intervals  of  25  years 
or  less  and  to  regulate  runoff  from  storms  with  recurrence  intervals  of 
more  than  25  years.    This  regulation  extends  over  70.9  square  miles  or 
60  percent  of  the  total  drainage  area  in  the  watershed.    In  addition  to 
the  69  structures  listed  above,  the  project  includes  one  small  unnamed 
floodwater- retarding  structure  constructed  by  the  District  cooperators. 
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Table  2.    Estimated  costs,  September  1954,  as  revised  January  1956, 
and  incurred  as  of  June  1961,  Kiowa  Creek  Watershed, 
Colorado 


Estimated  Cost 

Actual  Cost 

Measures  Recommended 

Original 
Work  Plan 
Sept.  1954 

Revised 
Work  Plan 
Jan.  1956 

Installed 
Measures 
.Tune  1961 

A  Measures: 

Dollars 

Dollars 

Dollars 

Floodwater -retarding  structures 
Grade  stabilization  structures 
Channel  improvement 

555,044 
47,080 
20,820 

710,544 
46,080 
20,820 

554,983 
28,821 
13,275 

Total  A  Measures 

622,944 

777,444 

597,079 

B  Measures: 


Pasture  and  range  seeding 

146,900 

146,900 

57,000 

Contour  furrowing 

15,500 

15,500 

2,242 

Erosion  control  structures 

17,300 

17,300 

2,875 

Pond  construction 

14,000 

14,000 

14,800 

Range  improvement 

77,000 

77,000 

71,744 

Woodland  management 

20,000 

20,000 

9,612 

Fencing 

30,000 

30,000 

6,050 

Terraces 

6,000 

6,000 

2,400 

Field  diversions 

24,000 

24,000 

12,000 

Waterway  development 

14,100 

14,100 

1,360 

Contour  farming 

4,000 

1,580 

Stubble  mulching 

8,000 

3,000 

2,024 

Strip  cropping 

1,000 

Total  B  Measures 

372,800  1/ 

372,800  1/ 

183,687 

2/ 


Estimated  total  project  costs  3/        995,744  1,150,244  780,766 


1/    Includes  $51,570  anticipated  ACP  payment. 

2/    Excluding  the  cost  of  SCS  and  FS  technical  assistance  ($43,266). 
3/    Excluding  the  cost  of  installation  services,  developing  the  work 
plan  and  of  project  evaluation. 
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In  general,  quantities  of  B  Measures  installed  are  fewer  than  those 
listed  as  needed  in  1954.    There  are  several  reasons  for  this,  hut 
probably  the  most  important  is  the  unfavorable  cost-price  relationship 
under  which  farmers  have  been  operating  since  the  project's  inception. 
Also,  the  land  treatment  phase  of  the  program  was  seriously  delayed 
because  of  two  drought  periods .    Farmers  were  unable  to  spend  money 
for  conservation  work  when  the  chance  for  financial  return  was  small 
and  funds  were  urgently  needed  for  living  expenses. 

The  greatest  progress  in  applying  land  treatment  measures  has  been  made 
in  range  management  and  pasture  and  range  seeding  practices.  Although 
there  is  still  much  to  be  accomplished  in  each  practice,  progress  is 
good  when  considered  in  light  of  the  number  of  small  farm  units  in  the 
area.    It  will  be  difficult,  if  not  impossible,  to  get  complete  conser- 
vation on  farms  that  cannot  adequately  support  a  family  and  on  which 
farming  would  continue  to  be  uneconomical  even  if  all  needed  conser- 
vation practices  were  carried  out.    The  trend  toward  residential  farms 
has  also  delayed  application  of  needed  land  treatment  measures,  because 
most  of  these  people  are  not  acquainted  with  the  particular  land  manage- 
ment problems  of  the  area.    The  Kiowa  Soil  Conservation  District  is 
planning  to  make  a  special  effort  to  assist  these  small  tract  owners 
with  their  conservation  problems. 

The  total  cost  of  the  installed  program  of  improvement  was  $780,766, 
of  which  $597,079  was  for  A  Measures  and  $183,687  >^as  for  B  Measures. 
These  costs  are  approximately  23  percent  less  and  51  percent  less, 
respectively,  than  the  cost  estimates  of  the  revised  plan  (January 
1956) .    Available  information  indicates  that  the  original  work  plan 
over-estimated  the  land  treatment  needs  of  the  watershed.    The  revised 
estimate  of  June  1958  reduced  estimated  land  treatment  needs,  but  even 
these  lower  estimated  amounts  of  land  treatment  measures  were  not 
installed  during  the  project  installation  period.    Some  needed  land 
treatment  measures  were  not  installed  at  the  end  of  the  project 
evaluation  period  in  December  1965. 
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PROGRA^•^  EVALUATION 


Objectives 

The  Kiowa  Creek  Watershed  evaluation  plan  was  included  as  a  part  o£ 
the  original  work  plan  in  1954.    The  primary  objective  was  to  evaluate 
the  effects  of  the  watershed  protection  program  in  physical  and  economic 
terms.    A  further  objective  was  that  results  of  this  and  similar  evalua- 
tions would  provide  a  sound  basis  for  improvement  in  planning  and  instal- 
ling watershed  projects  carried  out  under  P.  L.  566. 

The  original  evaluation  plan  was  amended  in  1956  to  provide  for  the 
additional  equipment  and  instrumentation  needed  to  ensure  proper 
measurement  of  annual  benefits.    Provision  was  made  for  an  additional 
stream  flow  gage  and  sediment  load  station  in  1962. 

Evaluation  studies  were  conducted  from  1955  through  June  1966  to  measure 
various  physical  and  economic  factors  within  the  watershed  and  changes 
brought  about  by  the  program.    These  factors  include  changes  in  runoff 
characteristics,  flood  and  sediment  damages,  and  crop  and  forage  pro- 
duction resulting  from  improvement  in  soil  and  moisture  conditions. 
Tlie  specific  objective  of  the  evaluation  studies  was  to  measure  the 
effectiveness  of  the  works  of  improvement. 

A  detailed  inventory  of  basic  data  was  compiled  in  1962.  1/  This  report 
contains  as -built  features  of  all  floodwater -retarding  structures,  monu- 
mented  range  locations  and  grid  surveys  in  five  reservoirs  and  data  on 
25  monumented  cross  sections.  The  report  brings  together  into  one  docu- 
ment available  basic  data  and  location  of  instrumentation  as  of  June  30, 
1961.    It  contains  data  supplemental  to  that  contained  herein. 

Hydrologic  Instrumentation 

Precipitation  Gages 

Precipitation  gages  were  installed  by  the  U.S.  Weather  Bureau  in  December 
1954  at  14  locations  in  the  upper  Kiowa  Creek  Watershed.    These  included 
10  standard  8 -inch  gages  and  4  recording  gages.    Observers  were  local 
resident  volunteers.    Processing  and  publication  of  the  records  from 
these  stations  were  taken  over  by  the  Weather  Bureau  in  January  1956. 
Records  of  the  standard  gage  stations  were  published  in  "Climatological 
Data,  Colorado,"  and  of  the  recording  gage  stations  in  "Hourly  Precipi- 
tation Data,  Colorado."    The  Weather  Bureau  provided  regular  inspection 
and  maintenance  of  the  stations.    The  network  of  stations  was  continued 
in  operation  through  1965.    Some  of  the  gages  were  relocated,  but  seven 
of  the  stations,  including  three  of  the  recording  gages,  remained  at  the 
original  location  and  have  essentially  con^lete  records  for  the  period 
January  1955  through  December  1965.    Other  stations  were  relocated  one 
or  two  times  during  the  period;  two  of  these  have  essentially  complete 
records  for  the  11 -year  period,  and  the  remaining  five  have  records 
complete  for  8  to  10  years. 


1/  DANSDILL,  F.  C,  INVENTORY  OF  BASIC  DATA  FOR  PILOT  K^ATERSHED 
PROGRAM  EVALUATION,  KIOWA  CREEK  \\!ATERSIiED .  U.  S.  Department 
of  Agriculture,  Soil  Conservation  Service,  1962. 
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Aerial  photo  of  two  floodwater  dams  after  a  storm  m  1963.  10-9008-7 


Results 


Annual  precipitation  at  project  stations  ranged  from  about  20  inches  to 
more  than  27  inches  in  the  wettest  years  and  from  less  than  7  inches  to 
more  than  11  inches  in  the  driest  years.    Average  annual  totals  at  indi- 
vidual stations  ranged  from  over  18  inches  to  less  than  14  inches  for 
the  period  1955  through  1965.    The  precipitation  pattern  shows  a  general 
increase  with  elevation,  but  this  appears  to  be  strongly  modified  by 
local  exposure  factors  and  the  high  variability  of  precipitation  in 
the  area  from  year  to  year  and  from  place  to  place. 

The  wettest  year  for  most  stations  in  the  project  area  wais  1957,  with 
1965  a  close  second.    Other  wet  years  were  1958  and  1961.    The  driest 
year  was  1964,  followed  by  1956  and  1962.    Ayer  Ranch,  located  just 
south  of  the  project  area  at  an  elevation  of  7,232  feet,  recorded  the 
wettest  year  since  1944  in  1957  and  the  driest  in  1964.    Records  made 
since  1911  in  or  near  Monument,  Colorado,  which  is  located  west  of  the 
project  area,  and  is  the  nearest  long-record  station  in  a  somewhat 
similar  region  also  shows  the  wettest  year  in  1957.    The  driest  year 
at  Monument  during  the  project  period  was  1955;  drier  years  were 
recorded  there  in  1934,  1939,  and  1954. 

An  average  of  about  60  percent  of  the  annual  precipitation  occurs 
during  the  months  of  May  through  August,  and  75  to  80  percent  during 
the  6-month  period  of  April  through  September.    Most  of  the  project 
stations  commonly  recorded  a  total  of  1  inch  or  more  for  each  month 
during  the  period  May  through  August.    Less  than  1  inch  has  occurred 
in  one  or  two  of  these  months  in  very  dry  years.    In  most  years  at 
least  2  months  have  precipitation  of  2  inches  or  more.    Monthly  totals 
for  May  through  August  range  from  low  values  around  0.25  inch  at 
several  stations  to  over  12  inches  at  a  station  near  Eastonville  in 
June  1965.    Heavy  precipitation  occurs  less  frequently  in  April  or 
September.    In  April,  the  heavier  amounts  are  usually  in  the  form 
of  snow. 

Comparison  of  the  project  period  precipitation  records  with  longer 
period  records  at  nearby  stations  shows  no  significant  indication 
that  the  project  period  was  either  drier  or  wetter  than  might  be 
expected.    In  most  cases,  precipitation  averages  for  the  project 
period  were  a  little  higher  than  for  earlier  periods.  Indications 
of  a  wetter  period  for  the  10  years  through  1964  may  be  discounted 
somewhat  by  the  consideration  that  the  30 -year  "normal"  values  are 
in  general  somewhat  lower  than  would  be  obtained  over  a  longer  period, 
since  two  drought  periods  are  included. 

In  summary,  the  records  from  longer  period  stations  near  the  project 
area  give  no  indication  that  precipitation  during  the  project  period 
varied  significantly  from  the  long-term  expectancy.    Frequency  of 
higher  short-period  rates  of  precipitation  may  have  been  a  little 
less  during  the  project  period  through  1964,  excepting  1965  when  some 
of  the  highest  rates  on  record  were  recorded. 


-  13  - 


June  1965  Precipitation 


The  highest  recorded  precipitation  rates  in  the  project  area  occurred 
at  stations  in  the  upper  portion  of  the  watershed  on  June  17,  1965. 
Variations  in  daily  totals  over  the  area  are  shown  in  Table  3.  Daily- 
totals  from  official  and  unofficial  reports  ranged  from  less  than  one 
inch  at  the  northern  edge  of  the  project  area  to  over  seven  inches  at 
the  southeastern  edge.    A  number  of  unofficial  reports  indicate  daily- 
totals  of  8  to  12  inches  or  more  just  across  the  divide  southeast  of 
the  Kiowa  Creek  Watershed  and  similar  amounts  in  an  area  about  a  mile 
south  of  the  divide.    Amounts  were  much  less  to  the  west,  with  some 
stations  across  the  Douglas  County  line  reporting  less  tiian  half  an 
inch.    The  only  indication  of  similar  high  rates  in  the  records  for 
the  area  is  from  a  single  observation  near  the  head  of  Kiowa  Creek, 
that  reported  24  inches  in  24  hours  late  in  May  1935. 


Table  3.    Precipitation  at  official  Weather  Bureau  stations  for 
June  17,  1965,  Kiowa  Creek  Watershed,  Colorado 


Station 


Total  Inches 


Remarks 


Ayer  Ranch  1/ 
Eastonville  1 
Eastonville  2 
Eastonville  3 
Eastonville  6 
Elbert 
Elbert  3  NW 
Elbert  3  SE 
Elbert  5  SW 
Elbert  6  SSE 
Elbert  8  SW 
Kiowa  1  W 
Kiowa  4  SW 
Kiowa  5  S 
Kiowa  5  SE 


NNW  2/ 
NNE 
NIV 
WSIV 


6.66 
7.10 
7.60 
4.65 
1.98 
3.10 
2.12 
4.00 
3.22 
4.92 
3.68 
.90 
1.52 
2.66 
3.80 


Total  fell  in  10  hours 
6.4"  fell  in  4  hours 


2.25"  fell  on  15th  and  16th 

1.05"  fell  in  5  hours 
Most  fell  in  2  hours 


1/    Not  in  Kiowa  Creek  Watershed. 

T/    Figures  and  letters  following  the  station  name  indicate  distance 
in  miles  and  direction  from  the  post  office. 


Records  at  Gaging  Stations 

Beginning  in  1955,  reservoir  stage  and  streamflow  records  were  collected 
on  Kiowa  Creek  and  its  subwatersheds  in  the  study  area  (see  Table  4 
and  5) . 
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Table  4.    Reservoir  gages  in  project  area,  Kiowa  Creek  Watershed, 
Colorado 


Subwatershed  and  Location 

Drainage  Area 
(Square  Miles) 

Date 

Established 

K-79  Reservoir,  near  Eastonville 
J- 33  near  Eastonville 
R-3  near  Elbert 
Q-51  near  Elbert 
B-9  near  Elbert 

3.20 
1.12 
2.82 
0.59 
0.64 

July  20,  1955 
June  6,  1956 
June  20,  1956 
April  17,  1957 
November  28,  1955 

Table  5.    Streamflow  stations  in  project  area,  Kiowa  Creek  Watershed, 
Colorado 

Stream  and  Location 

Drainage  Area 
(Square  Miles) 

Date 

Established 

East  Kiowa  Creek  at  Elbert 
West  Kiowa  Creek  at  Elbert 
Kiowa  Creek  at  Kiowa 

28.6 
35.9 
111.0 

May  3,  1955 
July  23,  1962 
November  28,  1955 

The  reservoir  gages  were  equipped  with  continuous  water-stage  recorders 
and  tipping-bucket  rain  gages.    The  time  scale  o£  the  strip  chart  on 
which  both  water  stage  and  precipitation  amounts  are  recorded  was  9.6 
inches  per  day,  rather  than  the  usual  2.4  inches  per  day,  in  order  to 
facilitate  the  computation  of  inflow  rates  using  rate  of  change  in 
reservoir  contents,  precipitation  amounts,  and  outflow  rates.  Out- 
flow rates  were  determined  from  relations  between  reservoir  stage  and 
spillway  discharges.    Relations  between  stage  and  discharge  for  the 
principal  spillways  were  defined  by  current -meter  measurements,  Parshall 
flume  ratings  (at  B-9,  Q-51,  and  J-33  only),  orifice  formulas,  and 
flow- through -culvert  computations.    The  stage -discharge  relations  for 
the  emergency  spillways,  except  at  B-9,  were  determined  by  indirect 
measurement  of  peak  discharge  and  stage -conveyance  relations.    No  flow 
occurred  through  the  emergency  spillway  at  B-9  during  the  project 
period.    Records  were  not  collected  during  the  winter  months. 

The  three  streamflow  stations  were  equipped  with  continuous  waterstage 
recorders,  and  their  stage -discharge  relations  were  based  on  current- 
meter  measurements  and  indirect  measurements  of  peak  discharge.  Records 
for  winter  months  were  based  on  occasional  current -meter  measuronents 
and  temperature  records. 


-  15  - 


During  most  of  the  period,  there  was  no,  or  negligible,  flow  at  the 
reservoir  stations,  but  two  major  flood  events  did  occur.    The  flood 
of  July  30,  1957,  on  East  Kiowa  Creek  at  K-79  Reservoir  is  discussed 
by  Jenkins  1/,  as  an  example  of  an  outstanding  flood  that  possibly 
would  have  Feen  unnoticed  except  for  the  K-79  gage.    The  flood  of 
June  17,  1965,  most  certainly  would  not  have  gone  unnoticed.  In 
Water-Supply  Paper  1798-A,  Jenkins  1/  suggested  that  the  relation 
between  magnitudes  of  floods  of  given  recurrence  intervals  fre- 
quently can  be  expressed  in  the  form  of  the  empirical  equation 
Q  =  C(A)-^,  where  Q  is  the  peak  discharge,  in  cubic  feet  per  second, 
of  the  flood  of  the  given  recurrence  interval;  C  is  a  measure  of  the 
recurrence  interval  of  the  discharge  Q;  A  is  the  size  of  contributing 
drainage  basin,  in  square  miles;  and  x  is  an  exponent.    He  suggested 
that  the  value  of  the  exponent  x  usually  ranges  between  0.6  and  0.8 
and  based  his  comparison  between  the  1957  flood  at  K-79  and  the  May 
1935  flood  at  two  points  on  Kiowa  Creek  on  the  assumption  that  the 
value  of  X  for  the  Kiowa  Creek  basin  was  0.7.    However,  a  recent 
regional  analysis  of  the  Platte  River  basin  shows  the  value  of  x  in 
the  area  that  includes  the  upper  Kiowa  Creek  basin  to  be  0.47.  The 
regional  analysis  gives  a  value  of  C  for  the  50-year  flood  of  1,820 
in  the  equation  Q50  =  C50(A)0»47.    Values  of  C,  using  the  exponent 
0,47,  are  shown  in  Table  6  for  the  1935  flood  at  two  sites  on  Kiowa 
Creek,  the  1957  flood  at  K-79,  and  the  1965  flood  at  the  three  gaging 
stations  and  at  the  five  reservoir  sites  in  the  project  area.  Instru- 
mental failures  precluded  computation  of  the  1965  peak  inflow  rates 
at  two  of  the  reservoir  sites  but  they  undoubtedly  were  substantially 
greater  than  the  50 -year  flood.    The  peak  outflow  rate  at  K-79  was 
more  than  1-1/2  times  as  great  as  that  in  1957,  so  it  can  be  assumed 
that  the  peak  inflow  rate  was  at  least  as  great  as,  and  probably 
greater  than,  that  of  1957,  \^^ich  was  1-2/3  times  as  great  as  the 
50-year  flood.    The  peak  inflow  rate  for  J-33  was  at  least  equal  to, 
and  may  have  been  considerably  greater  than,  the  peak  outflow  rate, 
which  was  1-1/3  times  as  great  as  the  50-year  flood. 

The  recurrence  intervals  of  floods  that  have  coefficients  C  greatly 
in  excess  of  that  for  the  50 -year  flood  cannot  be  estimated  with  even 
approximate  reliability.    Certainly,  they  are  rare  events.  However, 
the  differences  between  the  coefficients  for  peak  reservoir  inflows 
and  those  for  peak  outflows  may  be  worthy  of  note.    Comparison  of 
values  of  C  shown  in  Table  6  indicates  that  the  1957  peak  at  K-79 
and  the  1965  peak  at  R-3  were  reduced  from  inflows  substantially 
greater  than  the  50-year  flood  to  outflows  substantially  less  than 
the  50 -year  flood.    On  the  other  hand,  peak  reduction  at  Q-51  was 
almost  negligible.    The  flood  at  B-9  was  not  particularly  outstanding, 
but  the  reduction  in  C  value  illustrates  the  degree  of  control  on 
"moderate"  floods  exercised  by  the  retardation  structures. 


1/  JENKINS,  C.  T.  FLOODS  ON  KIOWA  CREEK.  In  MUNDORFF,  J.  C.  FLUVIAL 
~     SEDIMENT  IN  KIOWA  CREEK  BASIN,  COLORADO. 

U.  S.  Geological  Survey  Water-Stipply  Paper  1798-A:A14-A19.  1964. 
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Table  6.    Selected  peak  discharges  in  the  Kiowa  Creek  Watershed, 
Colorado 


Location 

Drainage  Area 
(Square  Miles) 

Date  of 
Flood 

Peak  Discharge 
(c.f.s.)  1/ 

C 
2/ 

Inflow  to  K-79 

3.20 

1957 

5,250 

3,040 

Inflow  to  K-79 

3.20 

1965 

not  determined 

Outflow  from  K-79 

3.20 

1957 

1,480 

857 

Outflow  from  K-79 

3.20 

1965 

2,370 

1,370 

Inflow  to  J- 33 

1.12 

1965 

not  determined 

Outflow  from  J- 33 

1.12 

1965 

2,600 

2,460 

Inflow  to  R-3 

2.82 

1965 

6,880 

4,230 

Outflow  from  R-3 

2.82 

1965 

2,010 

1,230 

Inflow  to  Q-51 

.59 

1965 

1,350 

1,740 

Outflow  from  Q-51 

.59 

1965 

1,270 

1,630 

Inflow  to  B-9 

.64 

1965 

597 

736 

Outflow  from  B-9 

.64 

1965 

33.4 

41 

East  Kiowa  Creek  at  Elbert  28.6 

1965 

41,500 

8,580 

West  Kiowa  Creek  at  Elbert  35.9 

1965 

20,000 

3,710 

Kiowa  Creek  below  Elbert 

65  3/ 

1935 

43,500 

6,120 

Kiowa  Creek  at  Kiowa 

111 

1965 

19,700 

2,150 

Kiowa  Creek  21  miles 
below  Elbert 

190 

1935 

110,000 

9,320 

V    Peaks  shown  for  reservoir  inflows  are  the  average  for  the  five -minute 
interval . 

2/    C  is  a  measure  of  the  recurrence  interval  of  the  peak  discharge  Q. 
~     The  values  shown  for  C  are  those  computed  from  the  regional  equation, 

C  =  Q/(A)0.47.    c  for  the  50-year  flood  is  1,820. 
3/  Revised. 
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Crest  Gages 


Twenty  Columbus -type  crest  gages  were  installed  at  selected  locations 
throughout  the  watershed  to  record  maximum  heights  of  peak  streamflow. 
Most  were  installed  on  selected  study  reaches  o£  Kiowa  Creek.  Others 
were  placed  above  and  below  designated  floodwater- retarding  structures. 

The  Columbus-type  gage  consisted  of  5  and  7  feet  sections  of  2- inch 
pipe  mounted  to  posts  with  metal  clamps.    The  bottom  of  the  pipes  were 
equipped  with  standard  2- inch  caps,  perforated  with  six  1/4- inch  holes 
at  60  degrees  to  permit  entry  of  water.    A  combination  of  charcoal, 
ground  cork,  and  soap  powder  was  placed  in  the  gage  to  facilitate 
establishment  of  high  water  marks  on  the  1  inch  x  2  inch  wooden 
measuring  staff  fitted  in  the  pipe. 

Soon  after  installation  it  became  evident  that  there  were  many  operation 
and  maintenance  problems.    It  was  difficult  to  establish  a  desirable 
gage  base  elevation.    If  the  pipes  were  set  flush  with  the  creek  bed, 
the  inlet  holes  became  clogged  with  sediment,  and  if  set  at  higher 
elevations  the  smaller  flows  were  not  recorded.    After  several  trials, 
it  was  detemined  that  a  height  of  6  to  12  inches  above  the  creek  bed 
was  the  practical  elevation.    This  eliminated  recording  of  smaller 
flows,  but  in  most  instances  these  flows  were  insignificant  and  had 
little  effect  on  the  evaluation  program.    In  spite  of  varying  gage 
heights  the  inlet  holes  became  clogged  with  silt  and  trash  at  all 
elevations.    Stream  bank  high  water  marks  were  consistently  higher 
than  the  gage  marks. 

During  the  July  1957  storm,  the  crest  gage  on  the  K-79  subwatershed 
near  the  head  of  East  Kiowa  Creek  was  dislodged  and  washed  away  by 
the  high  flows.    It  was  attached  to  a  6  to  8 -inch  diameter  post  and 
set  4  feet  deep,  but  was  not  able  to  withstand  the  impact  of  floating 
logs  and  debris  at  high  velocities. 

As  a  result  of  the  expense  involved,  continual  failures,  and  the  lack 
of  usable  data  from  these  gages,  it  was  decided  to  eliminate  them 
and  rely  on  highwater  marks  to  determine  peak  stages. 

Ground-Water  Observations 

Eight  irrigation  wells  were  selected  to  evaluate  the  effect  of  project 
measures  on  ground-v/ater  levels  in  the  project  area.    The  water  level 
in  each  well  was  measured  annually  in  December. 

The  hydrographs  are  quite  variable,  ranging  from  little  or  no  fluctua- 
tion of  water  level  to  large  cyclic  fluctuations.    Many  variables 
affect  the  water  level  at  any  well  such  as  amount  of  precipitation  in 
vicinity  of  the  well,  permeability  of  soil  near  the  well,  distance 
from  Kiowa  Creek,  and  amount  of  ground-water  pumpage  in  the  area. 
The  annual  measurement  of  water  levels  was  not  adequate  to  define 
the  effect  of  the  project  m.easures  on  the  ground- water  levels  in  the 
project  area. 
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The  detention  structures  undoubtedly  affected  water  levels  in  the 
immediate  vicinity  and  for  some  distance  do^\'n  gradient.    In  the  valley 
alluvium  adjacent  to  stream  reaches,  where  the  magnitude  of  the  flow 
has  Lsen  decreased  but  the  duration  has  been  increased  due  to  the  up- 
streajTi  structures,  water  levels  may  have  attained  a  slightly  higher 
base  level. 

The  chemical  quality  of  the  ground  water  can  be  classed  as  good  to 
excellent  for  domestic  and  irrigation  uses.    In  general,  the  water  is 
a  calcium  bicarbonate  type  with  the  dissolved  solids  ranging  from  100 
to  350  parts  per  million  (ppm) . 

Practically  all  of  the  water  analyzed  meets  the  standards  set  by  the 
U.  S.  Public  Health  Service  1/    for  drinking  water.    The  water  from  one 
well  had  dissolved  solids  in  excess  of  the  recommended  500  ppm,  and  the 
water  from  another  well  had  a  nitrate  content  very  close  to  the  recom- 
mended limit  of  45  ppm. 

Sedimentation  Studies 

Fluvial  Sediment 

Data  Collection 

Sediment -discharge  data  were  obtained  from  K-79  Reservoir  near  Easton- 
ville.  East  Kiowa  Creek  at  Elbert,  and  Kiowa  Creek  at  Kiowa  from  April 
1956  to  December  1965,  and  from  West  Kiowa  Creek  at  Elbert  from  July 
1962  to  December  1965. 

l\'hen  records  of  sediment  discharge  were  first  obtained  in  the  basin, 
drainage  from  about  60  percent  of  the  area  upstream  from  East  Kiowa 
Creek  at  Elbert  was  controlled  by  floodwater- retarding  structures ; 
drainage  from  about  3  to  7  percent  of  the  area  between  Elbert  and 
Kiowa  was  controlled  by  September  1956.    Only  the  data  obtained  during 
1956  at  Kiowa  Creek  at  Kiowa  gave  an  indication  of  sedinient  discharge 
under  preconstruction  conditions.    By  December  1958,  drainage  from  about 
60  percent  of  the  basin  was  controlled.    Because  an  appreciable  part  of 
the  sediment  discharge  of  Kiowa  Creek  at  Kiowa  probably  originated  in 
the  drainage  area  of  West  Kiowa  Creek,  a  streamflow  and  sediment  station 
was  established  on  West  Kiowa  Creek  at  Elbert  in  July  1962.    By  1962 
drainage  from  about  half  of  West  Kiowa  Creek  basin  was  controlled  by 
floodwater -retarding  structures;  therefore,  data  for  this  station  also 
represent  controlled  conditions. 

Streamflow  at  all  the  stations  in  the  basin  is  intermittent.  Periods 
of  zero  flow  are  common  at  all  stations,  particularly  in  the  fall  and 
winter.    East  Kiowa  Creek  at  Elbert  had  the  longest  periods  of  zero 
flow.    Only  during  spring  runoff  from  March  through  May  and  after 
summer  thunders torm.s  is  flow  appreciable  at  any  of  the  stations. 


1/    U.  S.  PUBLIC  FIEALTII  SERVICE.    DRINKING  VOTER  STANDARDS,  1962. 
U.  S.  Public  Health  Service,  Publication  956  :  61  p.  1962. 
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Outflow  tube  operating  at  K-79  Reservoir  near  Eastonville,  Colorado, 

July  1965.  D-1 


Closeup  of  the  outflow  tube  at  K-79  Reservoir  showing  the  automatic 
sediment  sampling  equipment.  D-2 
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The  most  prevalent  flow  condition  for  the  1956-65  study  period  has 
been  zero  flow  or  flows  of  less  than  10  cfs  (Table  7) .    Most  of  the 
sediment  discharge  occurs  when  runoff  exceeds  10  cfs.    During  1956-65, 
flow  occurred  about  5  percent  of  the  tim.e  at  East  Kiowa  Creek  at  Elbert 
and  55  percent  of  the  time  at  Kiowa  Creek  at  Kiowa.    For  the  shorter 
period  of  data  collection  at  IVest  Kiowa  Creek  at  Elbert,  flow  occurred 
about  60  percent  of  the  time.    The  daily  mean  discharge  during  1956-65 
exceeded  10  cfs  only  12  days  at  East  Kiowa  Creek  at  Elbert  but  exceeded 
10  cfs  141  days  at  Kiowa  Creek  at  Kiowa. 


Table  7.    Frequency  and  type  of  flow  that  occurred  at  the  several  stream 
stations,  Kiowa  Creek  Watershed,  Colorado 


Station 

Days  in 
Operation 

Days  of 
No  Flow 

Days  \{hen 
Daily  ^^ean 
Flow  IVas 
Less  Than 
or  Equal 
to  10  cfs 

Days  VJlien 
Daily  Mean 
Flow  Exceeded 
10  cfs 

K-79  Reservoir 

3,653 

2,108 

1,539 

6 

East  Kiowa  Creek  at  Elbert 

3,440 

3,242 

186 

12 

West  Kiowa  Creek  at  Elbert 

1,126 

368 

752 

6 

Kiowa  Creek  at  Kiowa 

3,653 

1,582 

1,930 

141 

Suspended- Sediment  Discharge 

Table  8  summarizes  the  periods  of  significant  runoff  and  sediment  dis- 
charge at  the  four  sediment  stations  during  1956-65.    The  data  show  that 
water  and  sediirient  discharge  have  been  much  greater  and  have  occurred 
much  more  frequently  at  Kiowa  Creek  at  Kiowa  than  at  East  Kiowa  Creek 
at  Elbert.    The  data  also  show  that  most  of  the  sediinent  discharge  at 
each  site  occurs  during  a  few  days  eacli  year.    For  example,  a  single 
storm  on  July  30,  1957,  accounted  for  99  percent  of  the  total  suspended- 
sediment  discharge  of  1,360  tons  for  the  year  at  East  Kiowa  Creek  at 
Elbert.    The  same  storm  produced  only  28  percent  of  the  total  suspended- 
sediment  discharge  of  100,000  tons  for  the  year  at  Kiowa  Creek  at  Kiowa. 

Spring  runoff  resulting  from  snowmelt  was  exceptionally  large  during  1960. 
Suspended- sediment  discharge  during  March  22-31  at  East  Kiowa  Creek  at 
Elbert  was  99  percent  of  the  annual  total  for  1960,  and  at  Kiowa  Creek 
at  Kiowa,  94  percent  of  the  annual  total.    During  this  runoff,  the  per- 
centage of  sand  in  suspension  was  unusually  high.    This  high  percentage 
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Table  8. — Summary  of  periods  of  significant  discharge  of  Kiowa  Creek  at  K-79  Reservoir  near  Eastonville ;   East  Kiowa  Creek  at  Elbert—, 

West  Kiowa  Creek  at  Elbert,   and;  Kiowa  Creek  at  Kiowa 


Kiowa  Creek  at  K-79  Reservoir 
near  Eastonville 


Water  year 


cfs-days  acre-ft 


Drainage  area  3.20  sq  mi 


water 
discharge 


Sediment 
discharge 


East  Kiowa  Creek 
at  Elbert 


Drainage  area  28.6  sq  mi 


Water 
discharge 


cfs-days  acre-ft 


Sediment 
discharge 


West  Kiowa  Creek 
at  Elbert 


Drainage  area  35.9  sq  mi 


Water 
discharge 


cfs-days  acre-ft 


Sediment 
discharge 


Kiowa  Creek 
at  Kiowa 


Drainage  area  111  sq  mi 


Water 
discharge 


Sediment 
discharge 


cfs-days  acre-ft 


1956 


May  23 

0 

0 

June  28 

0 

0 

July  2 

0 

0 

16-17 

4 

0 

7 

9 

31 

0 

0 

Aug.  1-2 

1 

4 

2 

Total  of  periods 

■2/6 

1 

12 

1 

Total  for  year 

-- 

-- 

-■ 

— 

1957 

May  9 

0 

0 

May     15-June  13 

2 

3 

4 

6 

June  14-15 

5 

9 

12 

July  ±u— J.X 

6 

8 

13 

20 

6 

1 

2 

21-22 

a 

0 

23-24 

3 

0 

6 

0 

25-29 

0 

0 

July  30-Aug.  1 

136 

270 

Aug.  2 

3 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
— 

4 

Aug.  6-7 

-- 
2 

— 
8 

-- 

5 

— 

6 

Total  of  periods 

157 

4 

312 

Total  for  year 

1958 

Nov.  1-12 

— 

— 

_. 



Feb.  18-24 

_. 

._ 

— 



Mar.  2-4 

3 

6 

Mar.   18-May  7 

14 

1 

28 

May  8-18 

3 

2 

6 

3 

19-28 

1 

2 

2 

4 

June  5-7 

3 

6 

July  19 

2 

4 

4 

8 

20 

7 

1 

4 

Sept.  5 

1 

2 

6 

1 

2 

9-10 

6 

4 

12 

7 

Total  of  periods 

28 

8 

57 

Total  for  year 



._ 





1959 

Mar.  22-30 

— 

.- 

— 

— 

Apr.  1-30 

6 

4 

13 

May  1-30 

2 

6 

5 

2 

June     1-  4 

2 

4 

July  16-17 

9 

8 

19 

Aug.     4-  5 

8 

1 

6 

Sept.  9 

4 

8 

Total  of  periods 

20 

2 

40 

Total  for  year 

_. 

._ 

_. 



1960 

Mar.  19-21 









22-31 

40 

3 

80 

Apr.  1-12 

13 

0 

26 

13-30 

5 

6 

11 

May       5-  8 

3 

5 

6 

9 

9-15 

2 

9 

5 

8 

16-20 

1 

5 

3 

0 

July  2 

1 

5 

3 

0 

Total  of  periods 

68 

3 

136 

Total  for  year 

1961 

Oct.  19 

3 

6 

Feb.  1-28 

Mar.     1-  5 

6-31 

Apr.  1-13 

1 

1 

2 

2 

May  14-19 

1 

4 

2 

8 

June     1-  4 

1 

6 

3 

2 

5-  8 

4 

8 

9-16 

5 

1 

0 

July  7-8 

1 

2 

11-12 

04 

1 

13-14 

04 

1 

28-31 

1 

2 

Aug.     1-  4 

5 

1 

0 

8 

6 

1 

2 

12-16 

2 

4 

17 

8 

1 

6 

30-31 

1 

2 

Sept.   1-  4 

4 

8 

5-10 

3 

6 

11-30 

1 

0 

2 

0 

Total  of  periods 

9 

5 

19 

Total  for  year 

2/ 


0 
0 
0 

24.5 
0 

9.1 
33.6 


0 

4.6 
30.4 
27  .8 

2.0 

0 

12.7 

0 

1,600 


12.5 
1,690.0 


3/ 
8.2 
3.6 

.1 

3/ 
5.3 
1.4 

3/ 
3/ 
14.8 
33.4 


35 


56.5 
1.2 
.3 
1.2 
.1 
.1 
4.2 
63.6 


3/ 


1.0 
.6 
.7 
.1 
.1 

0 
0 
0 
0 

.1 
.1 


1/ 

3/ 
3/ 
2.9 


2/ 


0 

64. 1 

0 

.3 
.2 

0 

64.8 
64.8 


0 
0 
0 
0 
0 
0 
0 

1.0 
8.3 


0.2 
397  .9 
5.9 
5.6 
6.4 
2.1 
7.4 
0 

425.5 
432.0 


0 
0 
0 
0 

.7 
.2 

0 
0 
0 

.1 

0 
0 

.  1 

0 
0 

2.3 

0 
0 


.1 
3.6 
3,7 


2/ 


0 

127 
0 


0 

129 
129 


0 
0 
0 
0 
0 
0 
0 
2. 
16 


0 
18 
18 


0. 

789 
12 
11 
13 

4. 
15 

0 

845 
858 


.2 


0 
0 

4.6 

0 
0 

.2 

0 

.2 
7.2 
7.4 


0 
0 
0 
0 
0 

2/° 
^0 

0 


0 
0 
0 
0 

1.4 

0 

.3 

0 

1,  355 
0 

3.6 
.8 

0 

1, 361. 5 
1, 361. 5 


0 
0 
0 
0 
0 
0 
0 
18 
113 
2.0 
1.2 
0 

134.2 
134.2 


0.4 
4, 390.4 
1.6 
1.2 
8.8 
.2 
3.7 
0 

4,406.3 
4,406.7 


0 
0 
0 
0 

3/ 
3/ 

0 
0 
0 

3/ 

0 
0 

.  1 

0 
0 

1.4 

0 
0 

3/ 

0 

3/ 
1.5 
1.6 


89 

177 

8,400 

4 

4 

8 

7 

360 

20 

40 

1,600 

0 

0 

0 

264 

524 

43, 000 

,117 

232 

,11,  000 

494 

4 

982 

64, 360 

529 

0 

1,  050 

189 

375 

12, 000 

627 

1,  240 

10, 900 

40 

79 

80 

0 

0 

0 

419 

831 

33, 000 

96 

190 

5  ,  600 

69 

137 

480 

165 

327 

4,  050 

378 

7  50 

28, 160 

5 

.8 

12 

14 

48 

95 

2,600 

32 

63 

870 

3 

5 

6 

9 

3 

07  2 

3 

4,  110 

97  ,7  57 

592 

6 

5,  140 

100, 278 

61 

8 

123 

84 

30 

8 

61 

59 

11 

4 

23 

21 

275 

0 

545 

711 

119 

4 

237 

1,630 

32 

3 

64 

287 

17 

5 

35 

226 

0 

0 

0 

1 

2 

3/ 

0 

0 

0 

2 

4 

2 

0 

0 

0 

548 

5 

1,090 

3,020 

790 

4 

1 ,  590 

3 ,  288 

35 

8 

7 1 

65 

164 

4 

326 

332 

158 

3 

314 

334 

13 

2 

26 

17 

5 

1 

15 

0 

0 

0 

0 

0 

0 

37  2 

2 

7  38 

763 

446 

0 

884 

819 

229 

454 

1 ,  670 

07  3 

4  110 

48  577 

236 

469 

886 

115 

229 

70 

38 

8 

77 

76 

43 

85 

25 

100 

198 

119 

0 

0 

0 

836 

0 

5,  620 

51,423 

961 

6 

5,  880 

51,531 

3 

6 

7 

1 

2 

42 

83 

4. 

27 

6 

55 

45 

84 

6 

168 

61 

68 

135 

21. 

44 

7 

89 

34 

26 

9 

53 

78 

33 

3 

66 

94 

31 

7 

63 

20 

3 

5 

6 

9 

5 

98 

194 

940 

20 

5 

41 

11 

250 

496 

2,  300 

29 

2 

58 

50 

1 

2 

2. 

4 

16 

1 

32 

19 

7 

0 

14 

11 

20. 

7 

41 

75 

26. 

6 

53 

43 

17  . 

7 

35 

16 

40. 

7 

81 

30 

893. 

6 

1,770 

3,860. 

973. 

2 

1,930 

3,886 

See  footnotes  at  end  of  table. 
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Table  8. — Suimnarv  of  periods  of  significant  discharge  of  Kiowa  Creek  at  K-79  Reservoir  near  Eastonville ;  East  Kiowa  Creek  at  Elbert—  , 

West  Kiowa  Creek  at  Elbert,   and;  Kiowa  Creek  at  Kiowa — Continued 


Kiowa  Creek  at  K- 

79  Reservoir 

East 

Kiowa 

Creek 

West  Kiowa  Creek 

Kiowa  Creek 

near  Eastonville 

at  Elbert 

at  Elbert 

at  Kiowa 

Water  year 

Drainage  area  T 

.20  sq  mi 

Drainage  area  28.6  sq  mi 

Drainage  area 

35.9  sq  mi 

Drainage  area  111  sq  mi 

Water 

Sediment 

Water 

Sediment 

Water 

Sediment 

Water 

Sediment 

discharge 

discharge 

discharge 

discharge 

discharge 

discharge 

discharge 

discharge 

cf s-days 

acre-f t 

tons 

cf  s- 

days 

acre 

-ft 

tons 

cf s-days 

acre- 

ft 

tons 

cf s-days 

acre-f t 

tons 

1962 

Oct. 

21-31 

0.66 

1.3 

3/ 

0 

.  1 

0 

2 

3/ 



- 

- 

— 

62.6 

124 

68 

Nov . 

3-14 







.  1 

2 

3/ 



- 

- 

— 

89.2 

177 

230 

19-21 







.4 

.8 

.  1 



- 

— 

- 

— 

7.8 

15 

7 

Dec. 

5-  7 





.  3 

6 

.1 



- 

— 

- 

— 

17  .8 

35 

22 

Mar. 

2-  4 







.3 

.6 

3/ 



- 

-- 

- 

-- 

14 

28 

30 

7-31 







2 

.5 

5 

0 

.3 



- 

-- 

- 

— 

207.2 

411 

268 

Aug . 

30-31 

.  50 

1.0 

.  11 

.0 

0 

0 



- 

-- 

- 

0 

0 

0 

Total 

of  periods 

1.  16 

2.3 

.  11 

3 

.7 

7 

.4 

.5 



- 

-- 

- 

398.6 

790 

618 

7 

Total 

for  year 







5 

.7 

11 

1.1 



- 

-- 

- 

— 

973.1 

1,930 

902 

5 

1963 

Feb. 

1-  5 

0 

0 

0 

0 

0 

0 

2.8 

5 

.6 

0 

.44 

12  .  5 

25 

100 

Mar . 

16  —  28 

0 

0 

0 

0 

0 

0 

5  . 6 

.11 

.70 

3  .  5 

6 

9 

316 

6 

Apr . 

4-  6 

0 

0 

0 

0 

0 

0 

.6 

1 

.  2 

3/ 

7  . 1 

14 

46 

11-12 

0 

0 

0 

0 

0 

0 

.6 

1 

.  2 

3/ 

4.8 

9 

5 

43 

July 

9 

0 

0 

0 

0 

0 

0 

2.4 

4 

.  8 

70 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

.  1 

.2 

3/ 

0 

0 

0 

11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.6 

1 

2 

12 

27 

23.0 

46 

150 

0 

0 

0 

0 

0 

0 

0 

0 

0 

28 

7  . 8 

15 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

29 

.  5 

1 .  0 

.  1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Aug. 

12 

.  4 

.  1 

3/ 

0 

0 

0 

2.7 

5 

.4 

88 

27 

54 

720 

13 

.4 

.  1 

3/ 

0 

0 

0 

6.0 

12 

980 

58 

115 

1,  200 

14 

.  4 

.  1 

3/ 

0 

0 

0 

.  2 

.4 

3/ 

2.4 

4 

8 

13 

24 

2  . 0 

4.0 

6.0 

0 

0 

0 

0 

0 

0 

.  3 

6 

6 

25 

4.3 

8.5 

6-0 

0 

0 

0 

0 

0 

0 

205 

407 

9,  100 

26 

.  1 

.  2 

3/ 

0 

0 

0 

0 

0 

0 

115 

228 

2,  600 

27 

.05 

.1 

3/ 

0 

0 

0 

0 

0 

0 

7.5 

15 

20 

28 

.05 

.  1 

3/ 

0 

0 

0 

0 

0 

0 

4.5 

8 

9 

8 

Aug . 

30-Sept.  1 

.  13 

.  3 

3/ 

0 

0 

0 

9  .  5 

19 

250 

3.7 

7 

3 

5 

8 

Sept. 

7-10 

1.0 

2.0 

.2 

0 

0 

0 

7  .  1 

14 

141 

6.0 

12 

20 

Total 

of  periods 

39.1 

78 

172.3 

0 

0 

0 

37  .6 

75 

1,  530 

.  1 

457  .9 

909 

14, 205 

0 

Total 

for  year 



0 

0 

0 

86  .6 

171 

1,  532 

.  3 

533.6 

1,  060 

14,228 

8 

1964 

Mar. 

17-25 

0 

0 

0 

0 

0 

0 

6.7 

13 

12 

.8 

85.2 

169 

156 

Mar. 

28-Apr.  1 

0 

0 

0 

0 

0 

0 

2.9 

5 

.8 

3 

9 

69 

137 

206 

Apr. 

2-22 

0 

0 

0 

0 

0 

0 

5.3 

11 

1 

7 

106.1 

210 

76 

4 

May 

29-31 

.6 

1.2 

.8 

0 

0 

0 

1.4 

2 

.8 

1 

2 

13.7 

27 

8 

4 

July 

25 

2.8 

5.6 

1.6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

26 

.9 

1.8 

.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Aug . 

3 

2.5 

5.0 

6.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

2.6 

5.2 

2.0 

0 

0 

0 

3.7 

7 

3 

50 

12 

24 

480 

5 

.4 

.8 

2.2 

0 

0 

0 

.  1 

2 

3/ 

31 

61 

380 

6 

.2 

.4 

.  5 

0 

0 

0 

0 

0 

0 

5.9 

12 

4 

6 

Total 

of  periods 

10.0 

20 

13.6 

0 

0 

0 

20. 1 

40 

69 

6 

322.9 

640 

1,  311 

4 

Total 

for  year 

0 

0 

0 

44.  5 

89 

73 

4 

440.3 

874 

1,  345 

6 

1965 

June 

17 

122 

242 

280 

2,280 

4,  520 

290,000 

710 

1, 

410 

89,000 

770 

1,  530 

56,000 

18 

59 

117 

2  50 

380 

7  54 

24, 000 . 

150 

298 

5,  700 

2,  130 

4,  220 

290, 000 

19 

7.5 

15 

18 

20 

40 

110 

50 

99 

700 

110 

218 

2,400 

20 

.9 

1.8 

.4 

10 

20 

33 

20 

40 

48 

45 

89 

440 

July 

7 

.  1 

.2 

3/ 

5 

10 

9 

16 

32 

210 

62 

123 

880 

8 

.05 

.1 

3/ 

1 

2 

3/ 

1.0 

2 

0 

2 

90 

179 

1,  600 

9 

.05 

.  1 

3/ 

2 

4 

3/ 

.8 

1 

6 

1 

10 

20 

17 

10 

.05 

.  1 

3/ 

1 

2 

3/ 

.6 

1 

2 

1 

8 

16 

10 

Aug . 

3 

.06 

.  1 

3/ 

1 

2 

3/ 

19 

38 

510 

49 

97 

1,  300 

4 

1.7 

3.4 

2.3 

0 

0 

0 

2.6 

5 

2 

5 

31 

61 

210 

5 

3.0 

6.0 

2.8 

0 

0 

0 

1.6 

3 

2 

2 

24 

48 

130 

6 

1.5 

3.0 

1.5 

0 

0 

0 

.7 

1 

4 

5 

10 

20 

17 

Total 

18-19 

.2 

.4 

.  1 

1 

1 

3/ 

9.5 

19 

214 

16.6 

33 

23 

of  periods 

196. 1 

389.2 

555.1 

2,695 

6 

5,  350 

314, 152 

981.8 

1, 

950 

96, 389 

9 

3, 355.6 

6,660 

352,947 

Total 

for  year 

2,731 

7 

5,420 

314, 213.3 

1, 118.7 

2, 

220 

96,437 

8 

3,626.7 

7,  200 

353, 121. 

4 

1/  Published  as  Kiowa  Creek  at  Elbert  in  U.S.  Geological  Survey  publications. 


2/  Period  from  April-September. 
3/  Less  than  0.05  tons. 
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of  sand  resulted  from  low  concentrations  of  silt  and  clay,  rather 
tlian  from  high  concentrations  of  sand.    Although  large  quantities 
of  water  may  percolate  doA\'nslope  during  snomelt  periods,  sheet 
erosion  commonly  is  low.    Tlie  erosive  effects  of  raindrop  impact 
and  of  intense  runoff  are  lacking.    Therefore,  snowmelt  commonly 
contributes  only  small  quantities  of  silt  and  clay  to  a  stream. 
Also,  the  percentage  of  sand  commonly  is  high  even  though  concen- 
tration is  low  when  runoff  results  from  snowmelt  because  there  is 
an  abundant  supply  of  sand  in  the  streambed  but  little  or  no  silt 
and  clay. 

Figures  1,  2,  and  3  show  the  relation  of  instantaneous  sediment  dis- 
charge to  water  discharge.    The  curves  represent  average  relations 
and  cannot  be  used  to  compute  the  load  for  a  specific  day. 

Figure  1  shows  the  relation  of  suspended- sediment  and  water  discharge 
at  East  Kiowa  Creek  at  Elbert  and  West  Kiowa  Creek  at  Elbert.  The 
single  curve  is  representative  of  both  sites.    Floodwater- retarding 
structures  probably  are  the  main  reason  for  the  low  water  and  sedi- 
ment discharges  during  the  period  of  study  at  both  stations.  Water 
discharge  at  East  Kiowa  Creek  at  Elbert  was  very  low  between  1958  and 
1965;  during  this  time  the  channel  became  heavily  vegetated;  similar 
conditions  prevailed  at  West  Kiowa  Creek  at  Elbert.    The  scatter  of 
points  in  Figure  1  is  due  to  seasonal  variations,  channel  vegetation, 
differences  in  sediment  discharge  at  identical  water  discharges  on 
the  rising  and  falling  stages  of  high  flows,  differences  in  storm 
intensity  and  location,  antecedent  conditions  of  soil  moisture,  and 
antecedent  conditions  of  streamflow.    The  curve  probably  indicates 
future  water- sediment  discharge  characteristics. 

Figure  2  shows  the  relation  of  suspended- sediment  discharge  to  water 
discharge  at  Kiowa  Creek  at  Kiowa.    The  difference  between  the  two 
curves  may  represent  the  reduction  in  suspended- sediment  discharge 
due  to  structural  controls  and  other  conservation  measures  applied 
during  the  period  of  study. 

The  curves  in  Figure  3  illustrate  the  effects  of  runoff  during  March, 
April,  May,  and  early  June  on  the  sediment -water  discharge  relation. 
The  upper  curve  shows  spring  runoff  from  rainfall  or  rainfall  super- 
imposed on  snowmelt  that  occurred  during  March  -  May  in  1957-59.  The 
lower  curve  shows  spring  runoff  that  is  composed  only  of  snowmelt  such 
as  occurred  during  March  1960.    For  any  given  year,  the  relation  of 
suspended  sediment  to  water  discharge  during  the  spring  depends  on 
the  ratio  of  snowmelt  runoff  to  rainfall  runoff. 

The  particle  size  distribution  of  suspended  sediment  for  Kiowa  Creek 
at  Kiowa  is  shown  graphically  in  Figure  4.    The  1956-57  period  more 
nearly  represents  conditions  before  widespread  project  development. 
These  data  include  a  general  reduction  of  fine  sediment  with  time 
and  thus  can  be  attributed  to  conservation  measures  installed  during 
the  period. 
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Figure  1. --Sediment  and  water  discharge  relation.  East  Kiowa  Creek  at 
Elbert  and  West  Kiowa  Creek  at  Elbert. 
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Figure  2. — Sediment  and  water  discharge  relation,  Kiowa  Creek  at  Kiowa. 
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Figure  3 . --Suspended  sediment,  and  water  discharge  relation  for  spring 
,  runoff  events,  Kiowa  Creek  at  Kiowa. 
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Total  Sediment  Discharge 

The  total  sediment  discharge  of  a  stream  is  composed  of  the  suspended 
load  and  the  bedload.    Bedload  cannot  be  measured  directly,  but  total 
sediment  discharge  can  be  computed  by  several  methods.    Some  of  the 
methods  for  computing  total  sediment  discharge  have  been  discussed  by 
Colby  and  Hembree  1/  and  Hubbell  and  Matejka  IJ ,    The  modified  Einstein 
procedure  requires  concurrent  measurements  of  suspended -sediment,  bed 
material,  and  streamflow  parameters.    The  flow  characteristics  in  Kiowa 
Creek  change  very  rapidly  during  any  period  of  major  runoff,  consequently 
it  is  extremely  difficult  to  obtain  concurrent  data  on  the  required 
parameters.    Therefore,  only  a  few  total  load  approximations  could  be 
made  for  East  Kiowa  Creek  at  Elbert  and  for  Kiowa  Creek  at  Kiowa. 

Kiowa  Creek  at  Kiowa  has  a  constructed  channel  that  bypasses  a  former 
natural  meander.    The  steep  narrow  walls  of  the  channel  fom  a  constriction 
of  the  channel  during  high  flows.    Evidence  indicates  that  all  or  most 
of  the  sediment  is  in  suspension  at  discharges  above  a  few  hundred  cfs. 

Table  9  gives  the  results  of  total  load  computations  for  Kiowa  Creek  at 
Kiowa.  Tlie  data  indicate  that  the  unmeasured  part  of  the  sediment  load 
ranges  from  30  to  60  percent  of  the  total  sediment  load  at  this  section. 


Table  9.    Total  sediment  discharge,  Kiowa  Creek  at  Kiowa,  Colorado 


Measured  Suspended 
Sediment 

Total 
Sediment 
Discharge- - 
Modified 

Un- 
measured 

Date 

Discharge 
(cfs) 

Concen- 
tration 
(ppm) 

Discharge 
(tons  per 
day) 

Einstein 
Method 
(tons  per 
day) 

Sediment 
Discharge- - 
(tons  per 
day) 

May  23,  1956 

158 

24,000 

10,240 

15,920 

5,680 

May  17,  1957 

249 

14,900 

10,000 

21,200 

11,200 

March  25,  1960 
11:30  a.m. 

254 

5,680 

3,900 

9,380 

5,480 

March  25,  1960 
7:25  p.m. 

472 

11,000 

14,000 

32,300 

18,300 

July  7,  1965 
6:45  p.m. 

225 

28,600 

17,400 

25,100 

7,700 

1/    COLBY,  B.  R.,  and  HB1BREE,  C.  H.    CQMPbTATIONS  OF  TOTAI.  SEDIME.NT  DISQIARGE, 
NIOBRARA  RIVER  NEAR  CODY,  NEBRASKA. 

U.  S.  Geological  Survey  l\^ter-Supply  Paper  1357  :  187  p.  1955. 
2/    HUBBELL,  D.  W.,  and  MATEJKA,  D.  Q.    IMVE.STICATIONS  OF  SEDIME:NT 
TRANSPORTATION,  MIDDLE  LOUP  RIVER  AT  DUNNING,  NEBRASKA. 
U.  S.  Geological  Survey  V/ater-Supply  Paper  1476  :  123  p.  1959. 
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Channel  Profiles  and  Cross  Sections 

Surveys  of  the  channel  profile  and  cross  sections  were  made  in  1956  by  the 
Soil  Conservation  Service  and  in  1962  and  1965  by  the  Geological  Survey. 
In  1956,  watershed  protection  measures  in  a  minor  part  of  the  project  area 
had  no  significant  effect  on  mainstem  channel  characteristics.    By  1962, 
the  major  detention  structures  had  been  completed  and  intensive  conserva- 
tion practices  had  been  installed  on  much  of  the  area;  the  effect  of  these 
structures  and  practices  on  channel  characteristics  increased  progressively 
from  1956  to  1962.    Maximum,  planned  runoff  control  Avas  in  effect  from 
1962  to  1965. 

The  average  slope  of  East  Kiowa  Creek  from  sections  15  and  16,  T.ll  S., 
R.64  W. ,  to  the  confluence  with  West  Kiowa  Creek  is  0.82  percent  or  43 
feet  per  mile.    The  profile  shows  irregular  steps  with  the  slope  ranging 
from  about  0.63  to  about  1.53  percent.    The  profile  slope  did  not  change 
appreciably  between  1956  and  1965.    Minor  aggradation  occurred  at  some 
cross  sections  between  1956  and  1962.    Most  of  the  aggraded  material  was 
removed  by  flow  resulting  from  the  major  storm  of  June  17,  1965;  a  tendency 
toward  widening  rather  than  deepening  of  the  chapjiel  was  evident.    The  net 
effect  between  1956  and  1965  was  the  maintenance  of  about  the  sajne  average 
slope,  with  aggradation  at  some  sections,  and  widening  of  the  stream  channel 
at  some  sections. 

The  average  slope  of  West  Kiowa  Creek  from  section  7,  T.ll  S.,  R.64  V/.,  to 
its  junction  with  East  Kiowa  Creek  is  0.79  percent  or  41.7  feet  per  mile. 
The  profile  shows  a  range  in  slope  from  about  0.60  to  about  1.10  percent  in 
relatively  long,  more  regular  steps  than  the  East  Kiowa  Creek  profile.  The 
slope  did  not  change  significantly  between  1956  and  1965.    Tlie  channel  cross 
sections  showed  a  distinct  tendency  to  aggrade  bet\\^een  1956  and  1962.  The 
1965  survey  showed  that  som.e  cross  sections  degraded  but  not  to  the  level 
of  1956.    West  Kiowa  Creek  also  showed  a  tendency  to  widen  but  to  a  lesser 
extent  than  East  Kiowa  Creek  upstream  from  Elbert.    The  net  effect  between 
1956  and  1965  was  the  maintenance  of  about  the  same  average  slope,  aggrada- 
tion at  several  cross  sections,  and  slight  or  no  widening  of  the  channel. 

The  average  slope  of  Kiowa  Creek  from  the  junction  of  West  Kiowa  and  East 
Kiowa  Creeks  to  Kiowa  is  0.65  percent  or  34  feet  per  mile.    Tlie  slope  did 
not  change  appreciably  bet\\^een  1956  and  1965.    A  distinct  tendency  toward 
widening  of  the  channel  is  evident  from  the  cross -section  surveys;  only 
minor  aggradation  or  degradation  occurred  at  the  different  sections. 

Reservoir  Sedimentation  Surveys 

In  1956  and  1957,  the  Soil  Conservation  Service  installed  monumented  trans- 
verse ranges  in  the  reservoir  basins  above  five  floodwater- retarding  struc- 
tures.   The  purpose  of  these  ranges  was  to  permit  measurement  of  sediment 
deposits  within  the  reservoirs  by  resurvey  of  points  along  the  ranges.  The 
ranges  were  laid  out  in  a  50 -foot  grid  pattern  with  additional  points  at 
topographic  breaks.    The  dates  of  the  original  surveys  were  as  follows: 
K-79  in  August  1956,  B-9  in  July  1956,  J-33  in  July  1956,  R-3  in  July  1956, 
and  Q-51  in  June  1957.    Sediment  deposition  at  the  time  of  these  surveys 
was  negligible. 
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In  August  1957,  a  resurvey  of  K-79  reservoir  was  made  following  the  storm 
of  July  30,  1957.    During  this  storm,  the  total  inflow  into  K-79  was  270 
acre -feet  of  water,  of  which  107  acre -feet  were  discharged  through  the 
emergency  spillway  and  163  acre- feet  through  the  principal  spillway.  The 
resurvey  was  made  on  every  fourth  range  within  the  reservoir  basin.    A  total 
of  2.65  acre- feet  of  sediment  was  measured  below  the  crest  of  the  emergency 
spillway.    Most  of  this  sediment  was  probably  deposited  on  July  30-31. 

A  resurvey  of  K-79  reservoir  was  made  in  October  1961  by  the  Agricultural 
Research  Service.    At  that  time  five  additional  basin  ranges  were  established 

Resurveys  of  the  five  sample  reservoirs  were  made  by  the  Soil  Conservation 
Service  in  the  summer  of  1965  and  winter  of  1966  following  the  large  flood 
of  June  17,  1965.    In  K-79,  J-33,  R-3,  and  Q-51,  large  flows  occurred  through 
the  emergency  spillways  during  this  flood.    In  B-9,  water  rose  above  the 
principal  spillway  inlet.    The  dates  of  the  resurveys  were  as  follows:  K-79, 
B-9  and  J-33  in  July  1965,  R-3  in  March  1966,  and  Q-51  in  January  1966.  Re- 
sults of  these  surveys  and  relevant  features  of  the  reservoirs  and  their 
drainage  areas  are  shown  in  Table  10. 

The  combined  drainage  area  of  the  five  sample  reservoirs  is  8.37  square  miles 
Although  there  is  a  wide  range  in  the  characteristics  of  the  drainage  basins 
they  are  generally  representative  of  the  upland  watershed  area.    The  area 
controlled  by  the  sample  structures  comprises  11.8  percent  of  the  total  area 
controlled  by  the  60  floodwater- retarding  structures  in  the  watershed. 

Rates  of  sediment  accumulation  varied  from  0.05  to  0.39  acre-foot  per  square 
mile  per  year,  with  an  average  of  0.22  acre-foot  for  the  five  reservoirs. 

Average  annual  capacity  losses  of  total  storage  range  from  0.11  to  0.73  per- 
cent for  the  five  sample  structures.    Average  annual  capacity  losses  of 
allotted  sediment  pools  range  from  0.33  to  3.07  percent,  with  an  average  of 
1.84  percent.    This  average  loss  for  the  five  structures  is  slightly  less 
than  the  planned  rate  of  2  percent. 

The  percentages  of  the  total  sediment  deposits  occurring  within  the  allotted 
sediment  pools  range  from  48  percent  at  K-79  to  100  percent  at  B-9.  The 
average  for  the  five ^structures  is  74  percent. 

Range  Evaluation  Studies 

The  objective  of  the  range  evaluation  studies  1/  was  to  determine  changes  in 
vegetation  resulting  from  protection  against  grazing.    In  1955,  five  study 
sites  were  selected  and  enclosures  were  built.    These  sites  were  on  native 
rangeland  above  floodwater- retarding  structures  being  studied  for  sediment 
deposition  and  other  factors.    Each  of  the  range  study  areas  consisted  of 
paired  sample  areas  100  feet  by  100  feet  square,  with  one  in  each  pair 
protected  from  grazing  by  a  four  wire  fence.    Forage  production  was  measured 
in  1956  and  annually  through  1965. 


1/    FISH,  E.  B.    SECONDARY  SUCCESSION  ON  UPPER  KIOWA  CREEK  V^ATERSIED. 
Master's  Thesis.    On  file,  library,  Colorado  State  University. 
May  1966. 
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Table  10.    Reservoir  sedimentation  surveys  of  5  sample  structures,  Kiov/a 
Creek  V'atershed ,  Colorado,  March  1966 


Structure 


Unit 

K-79 

B-9 

J-33 

R-3 

0-51 

Total  drainage  area 

D  .  ZU 

U .  04 

1  .  IZ 

Z  .  oZ 

u .  by 

Net  sediment  contributing 

area 

Sq.Mi. 

3.17 

0.63 

1.11 

2.79 

0.59 

Date  storage  began 

Month 

June 

Dec. 

July 

July 

Sept. 

Year 

l^bb 

lybb 

lybo 

lybo 

1950 

Original  storage  capacity: 

Sedim.ent  pool 

Acre-ft. 

24.37 

16.50 

4.87 

47.70 

9.09 

Flood  control  pool 

Acre-ft. 

105.14 

32.86 

37.68 

99.89 

23.21 

Total 

Acre-ft. 

129.51 

49.36 

42.55 

147.59 

32.30 

Length  of  watershed 

Mile 

3.2 

1.2 

1.5 

1.9 

1.0 

Average  width  of  watershed 

Mile 

1.1 

0.5 

0.7 

1.5 

0.6 

Period  of  deposition 

Year 

10 

10 

9 

10 

9 

rVk,v^UillUJ.cl L JL Vc    bcClUllcIlL   (icpUbJL  Lo  . 

Sediment  pool 

Acre-ft. 

3.60 

0.55 

0.38 

5.62 

1.93 

Flood  control  pool 

Acre-ft. 

3.88 



0.16 

3.75 

0.20 

Total 

Acre-ft. 

7.48 

0.55 

0.54 

9.37 

2.13 

Average  annual 

Acre-ft. 

0.75 

0.06 

0.06 

0.94 

0.23 

Average  annual  per  sq.  mi. 

Acre-ft. 

0.24 

0.10 

0.05 

0.34 

0.39 

Deposition  within 

sediment  pool 

Percent 

48 

100 

70 

60 

91 

Storage  loss,  percentage 

of  total  capacity: 

Period  total 

Percent 

5.77 

1.11 

1.27 

6.35 

6.59 

Average  annual 

Percent 

0.58 

0.11 

0.14 

0.64 

0.73 

Storage  loss,  percentage  of 

allotted  sediment  capacity: 

Period  total 

Percent 

30.70 

3.33 

11.09 

19.64 

23.43 

Average  annual 

Percent 

3.07 

0.33 

1.23 

1.96 

2.60 
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Livestock  grazing  on  the  rangeland  of  the  Kiowa  Creek  Watershed  is  being 
managed  to  prevent  deterioration  of  native  vegetation.    Range  evaluation 
studies  during  the  1956-65  period  indicated  that  native  range  plant  cover 
has  improved.    Improvement  under  grazing  use  almost  equals  that  in  test 
plots  under  complete  protection  from  livestock  grazing.    Range  evaluation 
studies  also  led  to  the  conclusion  that  moderate  grazing  use  under  conser- 
vation treatment  resulted  in  sufficient  plant  cover  to  reduce  runoff  and 
erosion. 


Range  improvement  on  the  grazed  areas  was  indicated  by  the  decrease  in 
the  cover  formed  by  blue  grama,  a  short  grass,  and  an  increase  in  the 
amount  of  bare  ground.    This  is  to  be  expected  before  taller  grasses  can 
become  established  and  replace  blue  grama.    Grasses  important  in  potential 
or  climax  plant  communities  were  generally  more  abundant  at  the  end  of 
the  study  period  tlian  they  were  at  the  beginning.    These  included  June 
grass,  western  wheatgrass,  and  mountain  muhly.    All  are  rated  good  to 
excellent  forage  plants.    The  grazed  pastures  all  showed  an  increase 
in  total  production  at  the  end  of  the  study  period. 

Vegetation  inside  and  outside  the  enclosures  was  measured  and  tested 
statistically  to  determine  similarity  of  the  vegetation  which  had  been 
grazed  to  that  which  had  been  protected  from  grazing  during  the  study 
period.    The  following  table  presents  these  comparisons  in  terms  of  co- 
efficients of  community  similarity:    (A  coefficient  of  1.000  is  equivalent 
to  100  percent  similarity.) 


Study  Site 

K-79 
Q-51 
B-9 
J- 33 
R-3 


1956 
Outside/ Inside 

.896 
.928 
.907 
.937 
.885 


1960 
Outside/ Inside 

.810 
.811 
.816 
.829 
.792 


1965 
Outside/ Inside 

.776 
.871 
.887 
.764 
.796 


Range  sites  and  total  average  annual  forage  production  for  the  10  years 
of  the  study  were  as  follows:    (Yields  were  obtained  inside  the 
enclosures . ) 


Study  Site 
K-79  and  B-9 


Range  Site 
Sandy  Divide 


Total  Annual  Yields 
(Pounds  per  acre) 

Average :  1067 
High:  1365 
Low:  725 


Q-51  and  R-3 


Loamy  Divide 


Average 

High: 

Low: 


1298 
1935 
640 


J-33 


Mountain  Loam 


Average 

High: 

Low: 


1607 
2256 
750 
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Range  study  plot  outside  the  enclosure,  in  the  drainag,e  area  of  structure 

J -33,  1965.  E-i 


Range  study  plot  inside  the  enclosure,  in  the  drainage  area  of  structure 

J-33,  1965.  E-Z 
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Economic  Studies 


A  benchmark  survey  that  included  all  farms  in  the  watershed  was  made  in 
1954  to  establish  farm  characteristics,  land  use,  crop  and  pasture  pro- 
duction, and  flood  plain  damages.    Information  from  these  farm  interviews 
was  used  to  determine  watershed  conditions  before  the  installation  of 
the  works  of  improvement.    Farm  surveys  to  obtain  the  same  information 
were  made  in  1960,  at  which  time  the  project  was  essentially  completed, 
and  in  1965,  approximately  5  years  after  project  completion. 

Information  on  flood  plain  land  use,  production,  and  flood  damages  was 
obtained  annually  commencing  in  1955  and  continuing  through  1965.  All 
the  farm  operators  with  flood  plain  lands  on  East  Kiowa  Creek  and  Kiowa 
Creek  were  contacted  each  year.    The  flood  plain  study  area  (5,790  acres) 
included  all  fields  that  had  some  area  within  the  flood  plain.    In  addition, 
all  non- agricultural  damages  were  estimated  annually  based  on  information 
obtained  from  county  road  supervisors  and  other  local  people.  Informa- 
tion on  upland  crop  use  and  yields  for  eight  selected  areas  was  also 
collected  annually. 

Total  Watershed 

Land  Use 

Information  on  land  use  for  the  75,520  acres  within  the  Kiowa  Creek  Water- 
shed is  given  in  Table  11.    The  information  shown  is  the  average  for  the 
year  in  which  the  fam  interview  was  m.ade  and  the  previous  year.    To  some 
extent  this  averages  out  extremes  caused  by  drought  or  other  unusual  situa- 
tions.   The  1953-54  information  is  representative  of  preproject  conditions, 
the  1959-60  data  represents  conditions  with  most  of  the  project  works  of 
improvement  installed,  and  the  1964-65  data  are  representative  of  conditions 
in  the  area  approximately  5  years  after  the  project  was  completed. 

At  the  start  of  the  evaluation  period  approximately  8,600  acres,  or  11 
percent  of  the  watershed  area,  were  planted  to  crops.    At  the  end  of  the 
evaluation  period  approximately  6,800  acres  or  9  percent  of  the  area  was 
planted  to  crops.    Most  of  the  crop  acreage  reduction  v;as  planted  to 
grass  or  permanent  pasture.    This  adjustment  was  needed  to  more  nearly 
utilize  the  land  within  its  capabilities. 

Irrigated  cropland  acreage  averaged  about  750  acres  during  the  evaluation 
period.    Of  this,  68  percent  was  devoted  to  hay  crops  and  25  percent  to 
com  or  sorghum  forage  production.    Tlie  balance  was  devoted  to  small 
grains  or  new  seedings  of  hay  crops. 

The  acreage  of  idle,  summer  fallow,  feed- grain  program,  and  soilbank 
lands  approximately  doubled  during  the  evaluation  period.    A  part  of 
this  acreage  was  crop  and  pastureland  bought  for  speculative  purposes 
and  allowed  to  remain  idle.    A  considerable  acreage  was  also  under  soil- 
bank  or  feed-grain  program  contracts.    The  acreage  of  waste,  stream 
channel,  and  other  nonproductive  flood  plain  lands  was  reduced  from 
1,222  acres  at  the  beginning  of  the  project  period  to  approximately 
854  acres  in  1964.    The  flood  of  1965  damaged  almost  400  acres  of 
flood  plain  land  to  such  an  extent  that  they  were  nonproductive. 
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The  total  acres  of  waste,  stream  channel,  and  other  nonproductive  flood 
plain  lands  was  approximately  1,253  acres  in  December  1965.    The  loss 
of  redeveloped  flood  plain  land  may  cause  faim  operators  to  decide  that 
protection  provided  for  some  flood  plain  lands  is  not  sufficient  to  make 
intensive  development  profitable. 

Land  in  other  uses  such  as  townsites,  farmsteads,  roads,  fences,  resi- 
dential sites,  and  boy  scout  camp  areas  has  increased  from  802  acres  to 
approximately  4,856  acres.    Of  the  4,054  acres  increase  in  other  uses, 
2,026  acres  are  devoted  to  boy  scout  camp  areas,  1,682  acres  are  being 
subdivided  into  residential  lots,  and  346  acres  were  used  for  farm- 
steads, roads,  and  other  miscellaneous  uses. 


Table  11.    Land  use,  Kiowa  Creek  V.'atershed,  Colorado,  1953-54,  1959-60, 
1964-65  averages 


1953-54 

1959-60 

1964-65 

Average 

Average 

Average 

Land  Use 

(Acres) 

(Acres) 

(Acres) 

Cropland 

Alfalfa 

1,366 

1,603 

1,895 

Mixed  and  native  hay 

605 

696 

938 

Barley 

137 

338 

79 

Beans  (dry) 

34 

27 

27 

Com  (silage) 

1,964 

070 

"ZQ 1 
OOL 

Oats 

1,549 

1,235 

1,177 

Rye 

289 

483 

153 

Sorghum  (forage) 

258 

172 

474 

^Vheat 

2,411 

1,610 

1,688 

Subtotal 

8,613 

7,103 

6,812 

Pasture  and  rangeland 

Grassland 

46,800 

45,756 

44,300 

Wooded  grassland 

14,500 

14,400 

11,700 

Subtotal 

61,300 

60,156 

56,000 

Idle,  summer  fallow,  feed- 

grain  program  and  soil  bank  3,583 

6,258 

6,799 

Waste,  stream  channel,  etc. 

1,222 

947 

1,053 

Other  y 

802 

1,056 

4,856 

Total 

75,520 

75,520 

75,520 

1/    Includes  townsites,  farmsteads,  roads,  fences,  residential  sites  and 
Boy  Scout  Camp  areas. 
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Crop  and  Pasture  Production 


Crop  yields  are  quite  variable  in  this  watershed,  which  makes  the  ana- 
lysis of  conservation  benefits  extremely  difficult.    Variations  in  rain- 
fall, hail,  frost,  or  flooding  affect  crop  yields  to  such  an  extent  that, 
without  check  plots  or  areas,  conservation  benefits  cannot  be  adequately 
analyzed.    Tlie  percent  of  crop  acreage  harvested  is  one  of  the  most  signi- 
ficant factors  affecting  crop  production  or  the  value  of  crops  produced. 
For  the  watershed  area,  71  percent  of  the  crop  acreage  shown  in  Table  11 
was  harvested  in  the  1953-54  crop  years,  87  percent  was  harvested  in 
1959-60,  and  80  percent  was  harvested  during  1964-65.    Weighted  average 
crop  yields  for  the  selected  years  within  the  evaluation  period  are 
shown  in  Table  12. 


Table  12.    Average  crop  yields,  Kiowa  Creek  IVatershed,  Colorado,  1953-65 


Crop 

Unit 

1953 

1954 

1959 

1960 

1964 

1965 

Average 
1953-65 

Alfalfa  hay 

ton 

1.2 

.9 

1.8 

1.4 

1.3 

1.7 

1.4 

Mixed  and  native  hay 

ton 

.9 

.7 

1.2 

1.1 

.7 

.9 

.9 

Small  grain  hay 

ton 

.9 

.3 

.8 

.6 

.5 

.8 

.6 

All  hay 

ton 

1.0 

.6 

1.5 

1.1 

.9 

1.2 

1.1 

Oats 

bu. 

15 

10 

21 

16 

11 

31 

18 

Rye 

bu. 

10 

9 

11 

8 

9 

Klieat 

bu. 

16 

8 

28 

23 

13 

12 

17 

Barley 

bu. 

25 

7 

24 

23 

7 

35 

22 

Com  (silage) 

ton 

4.3 

3.2 

4.6 

3.9 

6.0 

4.3 

4.1 

Com  (fodder) 

ton 

1.2 

1.1 

1.2 

1.1 

1.2 

1.2 

1.1 

Sorghum  (forage) 

ton 

.8 

1.0 

1.1 

.9 

1.0 

1.0 

1.0 

Beans  (dry) 

lbs. 

200 

411 

345 

200 

300 

The  most  significant  change  in  crop  production  was  a  44  percent  increase 
in  the  hayland  acreage  (alfalfa,  mixed,  and  native  hay).    At  the  start 
of  the  evaluation  period  there  were  1,971  acres  of  hayland  and  by 
1964-65,  there- were  2,833  acres.    Concurrently,  the  acreage  of  com 
dropped  from  1,964  to  381  acres.    The  reason  for  this  change  is  evident 
from  the  low  average  yields  of  com  for  silage  (4.1  tons)  and  com  for 
fodder  (1.1  tons).    Since  the  average  yield  of  alfalfa  hay  is  1.4  tons 
per  acre,  farmers  can  raise  about  the  same  quantity  of  feed  with  less 
expense  and  labor  with  alfalfa. 
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Ivlieat  is  the  major  casli  crop  in  the  watershed,  accounting  for  25 
percent  of  the  land  in  crops  and  approximately  an  equal  acreage 
of  summer  fallow  land.    During  the  evaluation  period  about  1,900 
acres  of  wheat  were  planted  each  year,  principally  in  the  upland 
areas.    Approximately  80  percent  was  harvested  for  grain.  Tlie 
weighted  average  yield  for  all  wlieat  harvested  was  17  bushels 
per  acre.    The  average  yield  for  individual  years  varied  from 
8  to  28  bushels. 

In  1962  a  pasture  evaluation  study  w^as  added  to  the  economic  studies 
to  provide  additional  information  on  pasture  or  rangeland  use  and 
livestock  gains.    Ten  individual  pastures  totaling  4,992  acres  were 
included  in  the  study.    The  range  sites  involved  v;ere  Sandy  Grass- 
land, 1,875  acres;  Loamy  Grassland,  1,446  acres;  Pine  Grassland, 
1,299  acres;  and  seeded  pasture  go-back,  372  acres.    Almost  all 
of  this  pastureland  is  in  fair  or  good  condition  v;itli  a  sm.all 
area  in  excellent  condition.    During  the  4  years  these  pastures 
were  studied  they  all  received  proper  use  or  under  use.  Average 
gain  per  acre  amounted  to  15.5  pounds  with  an  average  stocking 
rate  of  3.2  acres  per  animal  unit  month  of  grazing  (Table  13). 
In  1962  and  1964  some  of  the  pastures  in  the  study  were  not 
grazed.    The  stocking  rates  for  pastures  varied  from  a  low  4.7 
acres  per  animial  unit  month  of  grazing  in  1963  to  a  high  of  2.1 
acres  per  animal  unit  month  of  grazing  in  1965. 


Table  13.    Pasture  use  and  livestock  gains  for  special  pasture 
study  area,  Kiowa  Creek  Watershed,  Colorado,  1962-65 


Year 

Total  Acres 
Pastured 

Gain  Per 
Acre 

Acres  Per 
AUM  Grazing 

(Acres) 

(Pounds) 

(Acres) 

1962 

4,331  1/ 

11.8 

3.4 

1963 

4,992 

11.6 

4.7 

1964 

4,527  1/ 

16.7 

3.5 

1965 

4,992 

21.5 

2.1 

1962-65  Average 

4,710 

15.5 

3.2 

1/    In  1962  and  1964  eight  of  the  ten  pastures  w^ere  grazed. 
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The  value  of  crop  and  pasture  production  in  the  watershed  (in  terms  of 
long-term  project  prices  1/)  is  shoivn  in  Table  14.    Production  values  re- 
flect changes  in  cropping  patterns,  crop  yields,  and  changes  in  land  use 
only,  as  constant  prices  were  utilized  throughout.    To  further  isolate  the 
effect  of  changed  land  use,  weighted  average  yields  for  the  1953-54  base 
period  and  long-term  projected  prices  were  used  in  conjunction  with  the 
average  use  of  land  in  1959-60  and  1964-65  to  compute  the  average  value 
of  production  for  these  periods.    These  values  are  shown  in  the  second  part 
of  Table  14.    They  indicate  that  there  has  been  a  decline  in  the  intensity 
of  land  use  during  the  evaluation  period,  which  was  offset  by  an  increase 
in  crop  yields  so  that  total  value  of  production  increased  slightly. 


Table  14.    Value  of  crop  and  pasture  production  (computed  using  long-term 
project  prices),  Kiowa  Creek  Watershed,  Colorado,  1953-65 


Item 

1953-54 
Average 

1959-60 
Average 

1964-65 
Average 

Value  computed  from  observed  yields: 
(long-term  projected  prices) 

All  crops  harvested 

Pasture 

(Dollars) 

123,173 
63,696 

(Dollars) 

177,632 
67,018 

(Dollars) 

121,426 
72,325 

Total 

186,869 

244,650 

193,751 

Value  computed  from  1953-54  weighted 
average  yields:    (long-term  projected 
prices) 

All  crops  harvested 

Pasture 

123,173 
63,696 

121,387 
59,796 

104,516 
57,171 

Total 

186,869 

181,183 

161,687 

Size  and  Type  of  Farm  and  Ranches 

Information  obtained  on  some  of  the  farms  by  the  farm  survey  was  not  sufficient 
to  allow  determination  of  size  and  type.    Therefore,  this  information  for 
some  of  the  farms  was  left  out  of  the  following  summaries.    In  general,  head- 
quarters of  the  omitted  farms  were  not  in  the  watershed  area.    In  1954,  83 
percent  of  the  farms  contained  between  180  and  1,999  acres,  while  in  1965, 
68  percent  of  the  farms  were  in  this  range  (Table  15) .    During  the  evaluation 
period,  there  was  a  significant  increase  in  the  number  of  farms  with  from  50 
to  179  acres.    Farms  of  this  size  do  not  provide  an  economic  unit  and  are 
operated  by  part-time  operators  or  are  used  as  residential  farms.    Farms  over 
1,000  acres  in  size  increased  in  number  from  26  to  36  during  the  same  period. 


1/    U.  S.  DEPARTMENT  OF  AGRICULTURE.    AGRICULTURAL  PRICE  AND  COST  PROJECTIONS. 
U.  S.  Department  of  Agriculture,  Agricultural  Research  Service  and 
Agricultural  Marketing  Service.    September  1957. 
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Table  15.    Farms  by  size,  Kiowa  Creek  Watershed,  Colorado,  1954-60-65 


Farms  by  Size 

1954  Farm  Survey 

1960  Farm  Survey 

1965  Farm  Survey 

(No.) 

(Percent) 

(No.) 

(Percent) 

(No.) 

(Percent) 

Under  50  acres 

1 

1.1 

0 

0 

50  to  179  acres 

3 

3.4 

7 

8.1 

9 

11.0 

180  to  499  acres 

28 

31.8 

21 

24.5 

19 

23.2 

500  to  999  acres 

30 

34.1 

24 

27.9 

18 

21.9 

1,000  to  1,999  acres 

15 

17.1 

18 

20.9 

19 

23.2 

2,000  or  more  acres 

11 

12.5 

16 

18.6 

17 

20.7 

Total 

88 

100.0 

86 

100.0 

82 

100.0 

The  resources  of  this  area  are  best  suited  to  a  range -livestock  economy. 
In  1965,  almost  75  percent  o£  the  farm  operators  reported  livestock  to  be 
the  major  source  of  farm  income  (Table  16) .    This  was  an  increase  from  1954 
when  only  45  percent  of  the  farm  operators  reported  livestock  as  the  major 
source  of  income.    Perhaps  the  most  significant  change  is  the  reduction  in 
number  of  dairy  farms,  with  only  three  operators  reporting  dairy  products 
as  the  major  source  of  farm  income  in  1965  compared  to  25  operators  in 
1954.    There  was  also  a  58  percent  reduction  in  the  number  of  cash  crop 
farms.    Farms  listed  as  other  are  mostly  residential  farms  where  the 
operator  has  a  full-time  off-farm  job. 


Table  16.    Farms  by  major  enterprise,  Kiowa  Creek  Watershed,  Colorado, 
1954-60-65 


Major  Enterprise 


1954  Farm  Survey 


1960  Farm  Survey 


1965  Farm  Survey 


(No.)    (Percent)      (No.)    (Percent)      (No.)  (Percent) 


Livestock  1/ 

40 

45.5 

60 

69.8 

61 

74.4 

Dairy 

25 

28.4 

11 

12.8 

3 

3.7 

Poultry 

0 

1 

1.2 

1 

1.2 

Cash  crop 

12 

13.6 

4 

4.6 

5 

6.1 

Other 

11 

12.5 

10 

11.6 

12 

14.6 

Total  88        100.0  86        100.0  82  100.0 


1/    Other  than  poultry  or  dairy. 

In  1965,  37  (or  47  percent)  of  the  farm  operators  interviewed  stated  that 
they  had  sane  form  of  off- farm  employm.ent.    Of  this  number,  20  had  full- 
time  off -farm  employment,  eight  were  employed  off  the  farm  more  than 
100  days  per  year,  and  nine  were  employed  off -farm  less  than  100  days 
per  year. 
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Livestock  Numbers 

>fumbers  of  livestock  oivned  by  operators  with  land  in  the  Kiowa  Creek  Water- 
shed have  remained  relatively  stable  during  the  evaluation  period  (Table  17) . 
In  general,  livestock  numbers  were  lowest  in  1960  and  highest  in  1965.  The 
most  significant  trend  was  the  reduction  in  numbers  of  milk  cows  from  715  in 
1954  to  176  in  1965.    Morse  numbers  have  increased  with  the  increased  recrea- 
tion use  of  the  watershed  lands.    There  also  appears  to  be  a  trend  toward 
stocker  or  feeder  cattle  rather  than  the  traditional  cow-calf  operation. 


Table  17.    Livestock  numbers  owned  by  operators  with  land  in  the  Kiowa 
Creek  Watershed,  Colorado,  1954-60-65 


December  31, 

January  1, 

January  1, 

Type  of  Livestock 

1954 

1960 

1965 

Beef  cows 

2,230 

2,118 

2,544 

Milk  cows 

715 

474 

176 

Heifers  (replacement)  1/ 

855 

798 

747 

Steers  and  heifers  2/ 

170 

823 

1,421 

Bulls 

338  3/ 

144 

100 

Sheep 

350  ~ 

318 

62 

Horses 

37 

14 

158 

1/    Includes  sane  that  are  sold  as  bred  heifers. 
2/    Stocker  -  feeders. 

3/    Includes  a  number  of  purebred  bulls  for  sale. 


Farm  and  Ranch  Tenure 

Almost  all  the  farmers  or  ranchers  in  the  study  area  are  owner -operators 
(Table  18) .    The  percentage  of  farm  operators  owning  all  the  land  operated 
has  averaged  about  75  percent  but  the  trend  is  toward  fewer  full  owners. 
For  Colorado  as  a  whole,  only  about  50  percent  of  the  operators  are  full 
owners.    The  trend  has  been  toward  fewer  full  owners,  more  part-owners  and 
hired  managers,  while  tenant -operated  ranches  remained  relatively  stable. 
In  1954,  92  percent  of  the  land  in  the  survey  area  was  owned  by  operators 
of  the  individual  farms.    In  1965,  this  percentage  had  dropped  to  89  percent. 


Table  18.    Tenure  of  the  farm  onerators,  Kiowa  Creek  Watershed,  Colorado, 
1954-60-65 


Tenure  of  Operator 

1954  Farm  Survey 

1960  Farm  Survey 

1965  Farm  Survey 

(No.) 

(Percent) 

(No.) 

(Percent) 

(No.) 

(Percent) 

Full  owner 

68 

77.3 

64 

74.4 

59 

71.9 

Part  owner 

13 

14.8 

17 

19.8 

14 

17.1 

Manager 

0 

1 

1.2 

4 

4.9 

Tenant 

7 

7.9 

4 

4.6 

5 

6.1 

Total 

88 

100.0 

86 

100.0 

82 

100.0 
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The  average  age  of  farm  operators  in  the  Kiowa  Creek  Watershed  during 
the  evaluation  period  was  about  52  with  50  percent  or  more  of  the 
farm  operators  in  the  age  group  from  46  to  64  years.    In  1960,  there 
were  17  farm  operators  over  65  years  of  age  and  in  1965  there  were 
14  operators  in  this  age  bracket.    During  the  evaluation  period,  only 
about  27  percent  of  the  operators  of  farms  in  this  watershed  were 
less  than  45  years  old.    The  relatively  advanced  age  of  the  farm 
operators  may  have  delayed  the  application  of  land  treatment  measures 
and  the  adoption  of  better  fanning  practices. 

A  number  of  the  fam  operators  in  this  watershed  have  lived  all  their 
lives  on  the  farm  they  operate.  In  1965,  one  of  the  operators  had 
been  living  on  his  present  farm  for  76  years.  In  general,  half  of 
the  farmers  in  this  watershed  liave  been  on  their  present  farms  for 
over  10  years.  The  tenure  of  farm  operators  in  this  watershed  has 
been  relatively  stable  during  the  evaluation  period. 

Flood  Plain 

Flood  Plain  Land  Use 

Land  use  and  crop  production  were  studied  annually  to  determine  changes 
in  land  use,  crop  production,  and  benefits  from  more  intensive  use  of 
flood  plain  lands.    The  flood  plain  study  areas  included  all  fields 
with  some  land  in  the  flood  plain.    The  flood  plain  study  area  included 
5,790  acres  -vvdth  2,725  acres  along  Kiowa  Creek  below  Elbert  and  3,065 
acres  along  East  Kiowa  Creek.    The  gross  value  of  crop  and  pasture 
production  was  used  to  measure  the  effects  of  land  use  changes  in 
the  flood  plain  areas.    Average  land  use  and  value  of  production  were 
computed  for  the  1953-54  base  period,  yearly  values  for  1955  through 
1965,  and  average  values  for  1955-65  (Table  19).    Year  to  year  changes 
in  value  of  production  reflect  differences  in  land  use  and  yields  only, 
since  prices  are  held  constant.  1/    However,  these  values  do  reflect 
the  impacts  of  flooding  and  numerous  climatic  and  biological  variables 
which  affect  land  use  and  yields. 

The  most  important  factor  determining  value  of  crops  produced  is 
percent  of  crops  harvested.    In  the  flood  plain  study  area,  84  percent 
of  the  crops  were  harvested  during  the  1955-65  period,  while  only  73 
percent  of  the  crops  were  harvested  in  the  1953-54  base  period.  As 
a  result  of  flooding,  only  74  percent  of  the  cropland  was  harvested 
in  1965.    If  the  factor  of  yield  variation  is  removed  by  using  weighted 
average  annual  yields  for  the  1953-54  base  period,  the  resulting  value 
of  production  is  more  nearly  a  measure  of  land  use.    Using  this  cri- 
teria, the  average  increase  in  value  of  flood  plain  production  would 
amount  to  $6,303  for  the  1955-65  period. 


1/    U.  S.  DEPARTMENT  OF  AGRICULTURE,  AGRICULTURAL  PRICE  AND  COST  PROJECTIONS. 
U.  S.  Department  of  Agriculture,  Agricultural  Research  Service  and 
Agricultural  Marketing  Service.    September  1957. 
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One  o£  the  most  significant  changes  in  land  use  observed  in  flood  plain 
study  areas  was  the  reduction  of  com  acreage  from  455  acres  during  the 
1953-54  base  period  to  32  acres  in  1965.    During  the  same  period,  the 
acreage  of  alfalfa  hay  approximately  doubled,  increasing  from  641  acres  to 
1,227  acres.    During  the  last  few  years  of  the  evaluation  period,  there  was 
also  a  significant  increase  in  the  acreage  of  forage  sorghums.    These  data 
indicate  that  there  is  a  definite  trend  toward  using  more  of  the  flood  plain 
land  for  crops  but  at  the  same  time  there  is  a  trend  toward  using  the  crop- 
land less  intensively.    Casual  factors  for  these  trends  are  hard  to  identify. 
Increased  size  of  operating  units  and  the  difficulty  in  obtaining  farm  labor 
are  probably  the  most  significant. 

Resources  available  for  this  project  evaluation  did  not  permit  separating 
project  effects  from  the  other  variables  in  determining  increased  net  returns 
in  the  flood  plain  study  area.    There  has  been  a  definite  tendency  for  addi- 
tional cropland  to  be  developed  in  the  flood  plain  study  areas  and  the  total 
feed  or  forage  production  has  increased  during  the  evaluation  period.  This 
is  an  extremely  important  factor  in  a  livestock  area  which  normally  imports 
hay  or  other  winter  feed  supplies. 

Average  annual  benefits  expected  to  accrue  from  more  intensive  use  of  flood 
plain  lands  were  estimated  at  $21,980  annually  in  the  amended  work  plan. 
The  flood  plain  study  areas  as  evaluated  did  not  include  the  flood  plain 
of  West  Kiowa  Creek  which  has  an  estimated  2,514  acres  in  the  flood  plain. 
No  attenpt  was  made  to  estimate  benefits  from  more  intensive  use  on  these 
lands.    For  the  5,790  acres  in  the  flood  plain  study  area,  the  average 
annual  benefits  for  the  1955-65  period  would  probably  be  more  than  the 
$5,061  increase  in  gross  returns  indicated  by  comparing  the  1953-54  average 
value  of  production  with  the  1955-65  average  and  using  the  1953-54  base 
period  average  yields.    Conversely,  the  benefits  from  more  intensive  land 
use  would  be  considerably  less  than  the  $22,608  difference  in  gross  value 
of  production  using  observed  yields  for  the  two  periods. 

Flood  Damages 

Floodwater  damage  information  was  collected  annually  for  the  entire  water- 
shed for  the  1955-65  period.    Dollar  value  of  these  damages  is    shown  in 
Table  20. 

During  the  project  installation  period,  there  were  3  years  in  which 
measurable  floodwater  and  sediment  damages  occurred.    The  total  value  of 
damages  from  1955-60  amounted  to  $6,342.    All  of  these  damages  occurred 
in  the  first  3  years  of  the  project  installation  period.    At  this  time, 
not  enough  structures  had  been  completed  to  afford  much  protection  to 
the  flood  plain  lands. 

For  the  first  2  years  after  the  project  was  completed  (1960-62) ,  no 
measurable  floodwater  damages  occurred  in  the  watershed  area.    In  1963 
and  1964,  very  minor  flooding  occurred  with  a  total  evaluated  floodwater 
damage  of  $223.    Local  people  were  pleased  with  the  watershed  project 
and  expressed  the  opinion  that  they  needed  a  storm  of  sufficient  intensity 
to  test  the  structures  of  the  entire  watershed. 
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The  storm  o£  June  17,  1965,  produced  runoff  amounts  that  were  several  times 
larger  than  the  design  capacity  of  some  of  the  floodwater- retarding  struc- 
tures.   Of  the  60  floodwater- retarding  structures,  27  had  emergency  spillway 
flow.    This  storm  produced  evaluated  flood  damages  of  $169,165  within  the 
watershed  area  and  contributed  to  the  downstream  flooding  experienced  in 
the  South  Platte  River  Basin  from  a  series  of  storms  the  same  week.  Since 
damages  from  this  storm  were  so  much  larger  than  others  experienced  during 
the  evaluation  period,  a  special  section  on  damages  and  benefits  from  the 
storm  of  June  17,  1965,  is  included  later  in  this  report. 

Storm  frequencies  were  not  assigned  to  the  storms  occurring  during  the 
evaluation  period,  therefore,  no  valid  estimate  can  be  made  of  long-term 
average  annual  floodwater  damages  either  with  or  without  the  project.    If  it 
is  assumed  that  the  wide  range  in  size  of  storms  is  normal  for  this  area,  it 
can  be  stated  that  for  the  11-year  period  (1955-65)  flood  damages  with  the 
project  amounted  to  $175,730,  or  an  average  of  $15,975  annually.    This  period 
included  the  project  installation  period  of  six  years.    Furthermore,  it  is 
possible  to  conclude  that  floodwater  damages  without  the  project  would  have 
amounted  to  $307,405,  or  $27,946  annually.    Thus,  during  the  11 -year  evalua- 
tion period,  the  project  averted  dam^ages  of  $131,675  in  the  flood  plain  areas 
of  the  watershed.    It  cannot  be  inferred,  however,  that  such  damage  reduction 
v;ill  be  representative  of  any  other  time  period,  inasmuch  as  the  frequencies 
of  experienced  storms  are  unknown  and  the  project  was  not  fully  installed 
during  the  entire  evaluation  period. 

Flood  Plain  Benefits 

The  full  impact  of  the  comprehensive  soil  and  water  conservation  program 
installed  under  the  Kiowa  Creek  Watershed  Project  was  not  ascertained  by  this 
study.    A  complete  analysis  of  benefits  requires  a  detailed  hydrologic  evalua- 
tion and  collection  and  measurement  of  additional  physical  and  economic  data 
over  a  much  longer  period.    This  would  not  be  justified,  however,  in  view  of 
the  rapid  advancement  of  watershed  planning  techniques  since  the  initiation 
of  this  project.    Under  recent  planning  criteria  the  Kiowa  Creek  Watershed 
Project  would  be  changed  considerably,  as  to  land  treatment  measures,  struc- 
tural measures,  and  estimated  benefits. 

Benefits  from  project  measures  were  estimated  annually  after  obtaining  avail- 
able information  from  SCS  work  unit  personnel,  local  people,  and  county 
officials.    The  necessary  hydrologic  information  to  accurately  estimate 
these  flood  damage  reduction  benefits  were  not  available  for  individual 
storms,  but  the  storm  of  June  17,  1965,  was  of  such  a  magnitude  that  some 
peak  flow  estimates  were  computed  as  a  basis  for  benefit  evaluation. 

Benefits  from  the  reduction  of  erosion  damages  (channel  trenching,  and  sheet 
or  gully  erosion)  were  not  evaluated  in  monetary  terms  for  the  upland  portions 
of  this  watershed.    In  general,  however,  gully  and  streambank  erosion  are  not 
particularly  active.    The  failure  to  evaluate  upland  erosion  control  benefits 
is  a  major  deficiency  of  this  study,  considering  that  preproject  average 
annual  damages  from,  erosion  were  estimated  to  be  $20,030,  and  estimated 
project  benefits  from  reducing  these  damages  amounted  to  $15,230  annually. 
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Structure  1  P-10  near  the  headwaters  of  tfesf  Kiowa  Creek  after  the  flood 
of  June  17,  1965.     10-241  -4 


Outflow  tube  of  structure  1  P-10  operating  June  18,  1965.    10-241  -3 
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These  estimated  damages  and  benefits  amounted  to  37  percent  and  24 
percent  respectively  of  the  total  estimated  for  the  watershed. 

The  effect  of  the  land  treatment  (B  Measures)  program  in  reducing  damages 
was  not  determined,  but  it  was  a  major  factor  in  preventing  greater  flood- 
water,  sediment,  and  erosion  damages  to  the  watershed  lands.    Tlie  seeding 
of  approximately  5,000  acres  to  permanent  cover  was  probably  the  most 
important  single  land  treatment  measure  in  reducing  these  damages. 

Estimated  benefits  from  the  reduction  of  damages  by  the  project  during 
the  evaluation  period  (1955-65)  amounted  to  an  estimated  v$131,675 
(Table  21).    Of  this  amount,  $115,341  in  benefits  resulted  from  the 
reduction  of  floodwater  damages  and  $16,334  from  reduction  of  sediment 
and  erosion  damages  on  the  flood  plain  areas. 

Benefits  from  project  measures  during  the  installation  period  (1955-60) 
were  estimated  to  be  $21,868,  or  an  average  of  $3,645  annually  over  the 
six-year  period.    With  the  project  installed  (1961-65)  the  total  evaluated 
benefits  were  $109,807,  or  an  average  annual  benefit  of  $21,961.    For  the 
evaluation  period  (1955-65)  average  flood  damages  prevented  amounted  to 
$11,971  annually.    Obviously,  the  evaluation  period  was  too  short  to  infer 
that  annual  benefits  determined  for  the  evaluation  period  will  be  repre- 
sentative of  future  benefits. 

The  only  major  storm  during  the  first  10  years  of  the  evaluation  period 
(1955-64)  occurred  on  July  30,  1957.    The  storm  was  centered  over  the 
drainage  area  of  structure  K-79  near  the  head  of  East  Kiowa  Creek. 
Estimated  benefits  from  this  one  storm  amounted  to  $12,584  or  40  percent 
of  all  benefits  during  the  10-year  period.    The  storm  of  June  17,  1965, 
was  of  approximately  the  same  intensity  over  the  K-79  drainage  as  the 
1957  storm,  but  the  1965  storm  produced  general  flooding  and  damage  to 
areas  that  were  protected  in  1957.    Benefits  from  the  w^atershed  project 
for  the  June  17,  1965,  storm  are  discussed  in  detail  in  the  next  section 
of  this  report. 

June  17,  1965,  Storm  -  Damages  and  Benefits 

The  storm  of  June  17,  1965,  produced  recorded  rainfall  amounts  ranging 
from  0.90  inches  near  Kiowa  to  7.6  inches  near  Eastonville.    Pvain  gage 
records  and  emergency  spillway  flow  of  floodwater- retarding  structures 
indicate  that  this  storm  was  concentrated  on  the  headwaters  of  West  Kiowa 
Creek,  along  the  entire  length  of  East  Kiowa  Creek,  and  along  the  east 
side  of  Main  Kiowa  Creek  down  to  about  3  miles  above  Kiowa.    Of  27 
floodwater- retarding  structures  known  to  have  emergency  spillway  flow, 
three  were  on  the  upper  part  of  West  Kiowa  Creek,  19  were  along  East 
Kiowa  Creek,  and  five  were  along  the  east  side  of  Main  Kiowa  Creek. 

Most  of  the  floodwater- retarding  structures  withstood  the  flood  flows 
with  very  little  damage.    One  structure  (Q-51)  experienced  sufficient 
storm  damage  to  warrant  extensive  repairs.    The  spillway  return  area 
was  badly  eroded  with  about  2,000  cubic  yards  of  earth  w^ashed  away. 
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Erosion  occurred  on  tlie  spillway  return  areas  of  two  other  structures 
but  repairs  were  not  considered  necessary.    A  scour  hole  below  a  princi- 
pal spillway  outlet  of  one  structure  was  reshaped,  and  riprap  added  to 
repair  damage.    The  Army  Corps  of  Engineers  flood  dike  at  Elbert  was 
damaged  by  floodwater  to  the  extent  that  it  required  repair  and 
strengthening. 

As  soon  as  possible  after  this  storm,  land  areas  covered  by  floodwaters 
were  mapped  on  aerial  photographs  to  show  areas  flooded,  sediment  damage, 
and  streambank  and  gully  erosion.    Photographs  of  flood  damages  and  project 
storage  were  taken  to  document  the  effect  of  project  measures  on  this  storm 
In  November  and  December    1965,  all  farm  operators  in  the  Kiowa  Creek  Water 
shed  were  interviewed  to  obtain  estimates  of  floodwater  and  erosion  damages 
to  their  farms.    Supplemental  information  on  all  flood  emergency  repairs 
made  with  government  assistance  was  obtained  from  the  Elbert  and  El  Paso 
County  Agricultural  Stabilization  and  Conservation  Service  offices. 
Estimates  of  floodw^ater  damages  to  public  property  in  the  watershed 
were  obtained  from  local  officials. 

About  2,700  acres  were  flooded  as  a  result  of  the  June  17,  1965  storm, 
resulting  in  evaluated  floodwater  damages  of  $169,165  (Table  20).  Of 
these  damages,  $89,327  (53  percent)  occurred  along  East  Kiowa  Creek, 
$17,396  (10  percent)  occurred  along  West  Kiowa  Creek,  and  $62,442  (37  per- 
cent) occurred  along  the  mainstem  of  Kiowa  Creek.    Two- thirds  of  the 
$29,525  crop  and  pasture  floodwater  damage  was  from,  loss  of  crops;  one- 
third  was  attributable  to  reduced  stands  of  alfalfa  and  other  hayland. 
Approximately  37  miles  of  fence  were  either  lost  or  damaged  during  this 
storm.    Damages  to  fences  Tvere  estimated  at  $15,557.    Livestock  losses 
amounted  to  12  cows,  1  bull,  21  calves,  and  4  Shetland  ponies,  with  a 
total  estimated  value  of  $4,740.    Damage  to  irrigation  wells,  reservoirs, 
sprinkler  irrigation  pipe,  and  irrigation  pumps  and  motors  totaled 
$12,884.    Damage  to  roads  and  bridges  amounted  to  $58,366.  These 
occurred  mostly  in  El  Paso  County  where  damages  totaled  $38,669  to 
county  maintained  roads  and  bridges  alone. 

More  tlian  300  acres  of  crop  and  pasture  land  suffered  heavy  sediment 
damages  amounting  to  $16,595.    Tlie  productive  capacity  of  about  30 
acres  of  crop  and  pasture  land  was  destroyed  through  erosion.  Stream- 
bank  erosion  occurred  along  about  50,500  lineal  feet  on  the  main 
channels.    Evaluated  erosion  damage  amounted  to  $14,659. 

llydrologic  studies  of  the  June  17,  1965  stom  were  made  to  provide  the 
basis  for  evaluating  benefits  attributable  to  installed  structural  and 
land  treatment  measures.    It  is  estimated  that  a  total  of  2,831  acre- 
feet  of  floodwater  was  detained  by  the  floodwater -retarding  structures 
of  which  1,066  acre-feet  were  detained  by  structures  in  the  East  Kiowa 
Creek  Watershed,  681  acre- feet  by  structures  in  the  West  Kiowa  Creek 
Watershed  and  1,084  acre-feet  by  structures  along  the  east  side  of  Main 
Kiowa.    This  structural  detention  volume  plus  the  effect  of  the  land 
treatment  prograin  is  estimated  to  have  reduced  the  peak  discharge  on 
West  Kiowa  Creek  by  6,000  cfs,  on  East  Kiowa  Creek  by  11,500  cfs,  and 
on  Kiowa  Creek  at  Kiowa  by  12,300  cfs. 
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These  peak  discharge  relationships  were  used  as  the  basis  for  all  flood- 
water  damage  reduction  benefit  evaluations.    Since  road  and  bridge  damage 
is  frequently  related  to  debris  or  other  special  factors,  road  and  bridge 
damages  were  estimated  by  individual  crossings. 

Without  the  project,  damages  from  the  storm  of  June  17,  1965,  would  have 
amounted  to  an  estimated  $269,270  (Table  22).    Actual  damage  experienced 
from  this  storm  amounted  to  $169,165.    Thus,  project  benefits  are  esti- 
mated at  $100,105.    The  project  prevented  only  a  little  over  one- third 
of  the  potential  damage  from  this  storm. 


Table  22.    Estimated  flood  damage  reduction  benefits  from  the  storm  of 
June  17,  1965,  Kiowa  Creek  Watershed,  Colorado 


Item 

Estimated 

Damage 

Damage  Reduction 
Benefit 

Without 
Project 

With 
Project 

Dollars 

Dollars 

Dollars 

Percent 

Floodwater  damage 

Crop  and  pasture 

41,462 

29,525 

11,937 

28.8 

Fences 

21,460 

15,557 

5,903 

27.5 

Livestock 

7,017 

4,740 

2,277 

32.4 

Buildings  and  machinery 

4,255 

3,016 

1,239 

29.1 

Irrigation  works 

18,364 

12,884 

5,480 

29.8 

Other  agriculture 

13,637 

9,723 

3,914 

28.7 

Roads  and  bridges 

114,730 

58,366 

56,364 

49.1 

Other  non- agriculture 

6,022 

4,100 

1,922 

31.9 

Subtotal 

226,947 

137,911 

89,036 

39.2 

Sediment  damage 

22,626 

16,595 

6,031 

26.7 

Erosion  damage 

19,697 

14,659 

5,038 

25.6 

Total 

269,270 

169,165 

100,105 

37.2 

The  largest  single  benefit  was  the  $56,364  reduction  in  road  and  bridge 
damage.    There  is  some  question  as  to  the  ability  of  the  bridge  at  Kiowa 
to  withstand  the  32,000  cfs  peak  discharge  estimated  for  without  project 
conditions.    Had  the  bridge  been  destroyed,  flood  losses  would  have  been 
$150,000,  or  $120,000  greater  than  the  estimate  used  for  evaluation  purposes. 

Of  the  total  damage  reduction  benefits,  15  percent  were  on  West  Kiowa  Creek, 
25  percent  for  East  Kiowa,  and  60  percent  were  on  Main  Kiowa  Creek.  Bene- 
fits on  the  Main  Kiowa  Creek  are  primarily  a  result  of  estimated  damage 
reduction  to  roads  and  bridges  of  $32,600. 
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The  land  treatment  (B  Measures)  program,  installed  as  part  of  the  project, 
was  estimated  to  have  provided  flood  damage  reduction  benefits  of  $13,900, 
or  14  percent  of  all  benefits.    This  estimate  does  not  include  benefits 
from  sediment  and  erosion  damage  reduction  in  the  upland  areas  of  the 
watershed,  or  from  reduction  of  sediment  deposition  in  the  floodwater- 
retarding  structures.    Sediment  deposition  was  less  than  could  be  expected 
from  a  storm  of  this  intensity  and  these  benefits  are  believed  to  have 
been  substantial. 

During  the  survey,  82  farm  operators  were  asked  if  they  thought  the 
watershed  project  had  reduced  damages  caused  by  the  June  1965  storm. 
Forty- four  percent  thought  it  had,  32  percent  thought  it  had  not,  and 
24  percent  said  they  did  not  know  or  that  it  had  not  benefited  their 
farm.    The  opinion  was  generally  expressed  that  more  dams  were  needed 
and  that  they  should  be  larger,  particularly  in  areas  noted  for  heavy 
rainfall.    TTiis  opinion  is  borne  out  by  the  small  percentage  of  damage 
reduction  by  the  floodwater- retarding  structures  in  the  storm  of 
June  17,  1965. 
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